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(57) Abstract: The present invention provides a compound having the structure of 
formula (I): wherein R 1 is hydrogen, (Ci-Q) alkyl, unconjugated (C 3 -C6) alkenyl, 
benzyl, YC(=0)(C 1 -C 6 ) alkyl or -CH 2 CH r O-(C r C 4 ) alkyl; X is CH 2 or CH 2 CH 2 ; 
Y is (C 2 -Q) alkylene; Z is (CH^, CF 2 , or C(=0), where m is 0, 1 or 2; R 2 and R 3 
are selected independendy from hydrogen, halogen, - (Ci-C 6 ) alkyl optionally sub- 

©stituted with from 1 to 7 halogen atoms, and -0(C r C6) alkyl optionally substituted 
with from 1 to 7 halogen atoms, or R 2 and R 3 each together with the atom to which 
it is connected independendy form C(=0), S-»0 S(=0) 2 , or N-»0; and Hcl is a 5- to 
7- membered monocyclic heteroaryl group selected from pyridinyl, pyridone, pyri- 
dazinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, furyl, thienyl, isox- 
azolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, cinnolinyl, triazinyl, oxadiazolyl, 
thiadiazolyl and furazanyl groups. The compounds can be used to treat disease states 
mediated by neuronal nicotinic acetylcholine specific receptor sites. 
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NICOTINE ADDICTION REDUCING HETEROARYL FUSED AZAPOLYCYCLIC COMPOUNDS 
ucTTPnAPYI FUSED fiZA°™ YCYCI [C COMPOUNDS 

The subject invention relates to heteroaryl fused azapolycyclic compounds, 
pharmaceutical compositions comprising such compounds and methods of using such 
5 compounds to treat disease states, disorders and conditions mediated by neuronal n.cot,n.c 
acetylcholine specific receptor sites. In particular, the subject invention relates to using such 
derives to reduce nicotine addiction or aiding in the cessation or lessening of tobacco use in 
a mammal. 

The subject invention relates to certain heteroaryl fused azapolycyclic compounds 
10 defined in formulas l-VI below which bind to neuronal nicotinic acetylcholine specific receptor 
sites and which are useful in modulating cholinergic function. These compounds are 
specifically useful in the treatment of inflammatory bowel disease (including but not limited to 
ulcerate colitis, pyoderma gangrenosum and Crohn's disease), irritable bowei syndrome, 
spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, 
15 panic disorder, depression, bipolar disorder, autism, sleep disorders, jet lag. amyotrophic 
lateral sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac 
arrythmias, gastric acid hypersecretion, ulcers, pheochrqmocytoma. progressive supranuclear 
palsy chemical dependencies and addictions (e.g.. dependencies on, or additions to 
nicotine (and/or tobacco products), alcohol, benzodiazepines, barbiturates, opioids or 
20 cocaine), headache, migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive 
disorder (OCD), psychosis, Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslex,a, 
schizophrenia, multi-infarct dementia, age-related cognitive decline, epilepsy, including petit 
ma. absence epilepsy, senile dementia of the Alzheimer's type (AD). Parkinson's disease 
(PD) attention deficit hyperactivity disorder (ADHD), attention deficit disorder (ADD), restiess 
25 legs syndrome (RLS). mild cognitive impairment, cognitive enhancement in schfcophren.a, drug 
induced extrapyramidal symptoms, conduct disorder, oppositional defined disorder, anxiety in 
anxious smokers, cardiovascular risk in pregnancy, delayed ejaculation, emesis, symptoms due 
to injury inflicted by biological warfare, diarrhea, nicotine gum addiction, sleep prevention, 
ischemia, and Tourette's Syndrome. 
30 The compounds of this invention may also be used in combination with an 

antidepressant such as. for example, a tricyclic antidepressant or a serotonin reuptake 
inhibiting antidepressant (SRI), in order to treat both the cognitive decline and depression 
associated with AD. PD, stroke. Huntington's chorea or traumatic brain injury (TBI); in 
combination with muscarinic agonists in order to stimulate both central muscarinic and 
35 nicotinic receptors for the treatment, for example, of ALS. cognitive dysfunction, age-related 
cognitive decline. AD, PD, stroke, Huntington's chorea and TBI; in combination with 
neurotrophic factors such as NGF in order to maximize cholinergic enhancement for the 
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treatment, for example, of ALS, cognitive dysfunction, age-related cognitive decline, AD, PD 
stroke, Huntington's chorea and TBI; or in combination with agents that slow or arrest AD 
such as cognition enhancers, amyloid aggregation inhibitors, secretase inhibitors, tau kinase 
inhibitors, neuronal anti-inflammatory agents and estrogen-like therapy. 
5 Other compounds that bind to neuronal nicotinic receptor sites are referred to in WO 

9818798 A1 (US Patent 6,235,734), WO 99351 31 -A1 (US Patent 6,410,550), United States 
Patent No. 6,020,335 and WO9955680-A1 (US Patent 6,462,035). The foregoing applications 
are owned in common with the present application, and are incorporated herein by reference 
in their entirety. 

10 Summary of the Invention 

The subject invention is directed to compounds of formula I: 

R 1 

I 



X' 

Ret 

R 2 R 3 

i 

wherein R 1 is hydrogen, (C^Cs) alkyl, unconjugated (C 3 -C 6 ) alkenyl, benzyl, YC(=0)(C 1 -C 6 ) 
1 5 alkyl or -CHzCHz-O-^-O,) alkyl; wherein X is CH 2 or CH 2 CH 2 ; wherein Y is (C2-C 6 ) alkylene; 

wherein Z is (CH 2 ) m , CF 2 , or C(=0), where m is 0, 1 or 2; wherein R 2 and R 3 are selected 
independently from hydrogen, halogen, -(CVCs) alkyl optionally substituted with from 1 to 7 
halogen atoms, and -Ofd-Ce) alkyl optionally substituted with from 1 to 7 halogen atoms, or R 2 
and R 3 each together with the atom to which it is connected independently form C(=0), S-»0, 
20 S(=0) 2 , or N->0; and 



is a 5- to 7-membered monocyclic heteroaryl group selected from pyridinyl, 
pyridone, pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, furyl, thienyl, 
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, cinnolinyl, triazinyl, oxadiazolyl, thiadiazolyl 
and furazanyl groups; or 




Het 

25 v y is a 8- to 11-membered fused bicyclic heteroaryl group selected from 

quinolyl, isoquinolyl, indoiyl, benzimidazolyl, benzofuranyl, benzodiazapine, indazolyl, 
indolizinyl, phthalazinyl, isoindolyl, purinyl, benzofurazanyl, benzothiophenyl, benzotriazolyl, 
benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, dihydroquinolyl, 
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tetrahydroquinolyl, dihydroisoquinolyl, tetrahydroisoquinolyl, benzofuryl, furopyridinyl, 
pyrolopyrimidinyl, and azaindolyl groups. 

The present invention also provides the compound having the structure of formula II: 



R 1 



R2 BX R 3 



5 » 

wherein A, B, C and D are independently C, N, O or S, with the proviso that (a) at least one of 
A, B, C and D is N, O or S, (b) no adjacent pair thereof consists solely of O, and (c) A, B and 
C are not all S or N; or wherein only A, B, and C are present whereby a five-membered ring is 
provided thereby, wherein X is (C,-C 3 )alkylene; Y is (C-QOalkylene; wherein Z is (CH 2 ) m , CF 2 , 

1 0 or C(=0), where m is 0, 1 or 2; wherein the dashed circle represents either an aromatic ring, one 
isolated double bond, two or three double bonds, either conjugated or unconjugated, or a fully 
saturated ring; 

wherein R 1 is hydrogen, (C r C 6 ) alkyl, unconjugated (C 3 -C 6 )alkenyl, benzyl, 
Y'C(=0)(C 1 -C 6 ) alkyl or -CH 2 CH r O-(C r C 4 ) alkyl, where Y* is (C,-C 4 )alkylene; 

15 wherein R 2 and R 3 are selected, independently, from hydrogen, (C2-C 6 )alkenyl, (Qr 

C 6 )alkynyl, hydroxy, nitro, amino, halo, cyano, -SO^d-C^alkyl wherein q is zero, one or two, 
(CvCeJalkylamino-. [(C 1 -C 6 )alkyi] 2 amino-, -C0 2 R 4 . -CONR s R 6 , -S0 2 NR 7 R 8 , -C(=0)R 13 , 
-XC(=0)R 13 , aryl-(CrC3)alkyl- or aryHd-CsJalkyl-O-, wherein said aryl is selected from phenyl 
and naphthyl, heteroaryl-(C r C 3 )alkyl- or heteroaryHd-C^alkyl-O-, wherein said heteroaryl is 

20 selected from five to seven membered aromatic rings containing from one to four heteroatoms 
selected from oxygen, nitrogen and sulfur; X 2 (C r C 6 )alkyl- and X^CrCeJalkoxy-CC-C^alkyl-, 
wherein X 2 is absent or X 2 is (C r C 6 )alkylamino- or [(CrCsJalkylfeamino-. and wherein the (C r 
C 6 )alkyl- or (d-CeJalkoxy-fCVCsJalkyl- moieties of said X^CrCsJalkyl- or X^d-Csjalkoxy-Cd- 
C 6 )alkyl- contains at least one carbon atom, and wherein from one to three of the carbon atoms 

25 of said (C,-C 6 )alkyl- or (CrCsJalkoxy-fd-CaJalkyl- moieties may optionally be replaced by an 
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be 
separated by at least two carbon atoms, and wherein any of the alkyl moieties of said (C r 
C 6 )alkyl- or (CC^alkoxy-^-C^alkyl- groups may be optionally substituted with from two to 
seven fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said 

30 arvKC-cyalkyl- and said heteroaryHd-CaJalkyI- may optionally be replaced by an oxygen, 
nitrogen or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may 
optionally be substituted with one or more substituents, preferably from zero to two substituents, 
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independently selected from (Ci-Cejalkyl optionally substituted with from one to seven fluorine 
atoms, (Ci-Csjalkoxy optionally substituted with from two to seven fluorine atoms, chloro, fluoro, 
bromo, iodo, (C2-C 6 )alkenyl f (C^CeJalkynyl, hydroxy, nitro, cyano, amino, (Ci-CsJalkylamino-, 
[(d-CeJalkylJzamino-, -C0 2 R 4 , -CONR 5 R 6 , -S0 2 NR 7 R 8 , -C(=0)R 13 and -XC(=0)R 13 ; 
5 or wherein R 2 and R 3 , together with the atoms to which they are attached, form a four 

to seven membered monocyclic, or ten to fourteen membered bicyclic, carbocyclic ring that 
can be saturated or unsaturated, wherein from one to three of the nonfused carbon atoms of 
said monocyclic rings, and from one to five of the carbon atoms of said bicyclic rings that are 
not part of the aromatic ring, may optionally and independently be replaced by a nitrogen, 
10 oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be substituted 
with one or more substituents that are selected, independently, from (C r C 6 ) alkyl optionally 
substituted with from one to seven fluorine atoms; (C r C 6 )alkoxy optionally substituted with 
from one to seven fluorine atoms; nitro, cyano, halo, (C2-C 6 )alkenyf, (C 2 -C 6 )alkynyl, hydroxy, 
amino, (d -C 5 )aIkyiamino and ((CrC 6 )alkyl)2amino f -C0 2 R\ -CONR 5 R 6 , -S0 2 NR 7 R 8 , - 
1 5 C(=0)R 13 and -X'C(=0)R 13 ; 

wherein each R 4 , R 5 , R 6 , R 7 , R 8 and R 13 is selected independently from hydrogen and 
(C-i -C 6 ) alkyl, or R 5 and R 6 , or R 7 and R 8 together with the nitrogen to which they are 
, attached, form a pyrrolidine, piperidine, morpholine, azetidine, piperazine, -N- 
(C r C 6 )alkylpiperazine or thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur 
20 is replaced with a sulfoxide or sulfone; 

or a pharmaceutical^ acceptable salt thereof. 

The present invention also provides the compound of formula II, wherein R 2 and R 3 , 
together with the ABCD ring of formula II, form a bicyclic ring system selected from the following: 

25 wherein R 10 and R 17 are selected independently from hydrogen, (CrC 6 )alkyl, and (C r 

CeJalkoxy-fCrCeJalkyl-, wherein the total number of carbon atoms in the (C 1 -C 6 )alkoxy-(C 1 - 
C 6 )alkyl- does not exceed six, and wherein any of the above alkyl moieties may optionally be 
substituted with from one to seven fluorine atoms; nitro, cyano, halo, amino, (d-Cetelkylamino-, 
[(C r C 6 ) alkylfeamino-, -C0 2 R 4 , -CONR 5 R 6 , -S0 2 NR 7 R 8 , -C(=0)R 13 , -XC(=0)R 13 , phenyl and 

30 monocyclic heteroaryl, wherein said heteroary! is selected from five to seven membered aromatic 
rings containing from one to four heteroatoms selected from oxygen, nitrogen and sulfur, and 
wherein A, D, R 4 , R 5 , R 6 , R 7 R 8 and R 13 are defined above. In a particular embodiment, R 2 and 
R 3 , together with the ABCD ring of formula II, form a bicyclic or tricyclic ring system. In a further 
. embodiment, one or both of R 2 and R 3 are -C(=0)R 13 wherein R 13 is (C 1 -C 6 )alkyl. In yet another 

35 embodiment, one of R 2 and R 3 is -COR 13 wherein R 13 is (C r C 6 )alkyl or (d-CaJalkyl optionally 
substituted with from one to seven fluorine atoms. In another embodiment, one of R 2 and R 3 is 
CF 3 , fluoro, cyano, (C2-C 6 )alkynyl or C^. 
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The present invention also provides the compound of formula II, wherein R 2 and R 3 t 
together with the ABCD ring of formula (I, form a bicyclic ring system selected from the following: 






D 10 D 10 17 



wherein A, D, R 10 and R 17 are defined above, and m is zero, one or two. 

The present invention also provides the compound of formula III or IV, having a 
structure: 



R 
i 



and 



G |-F R 
R 

III 



IV 



wherein E, F and G are independently C, N, O or S, with the proviso that (a) at least one of E, 
10 F and G is N, O or S, (b) no adjacent pair thereof consists solely of O, and (c) E, F and G are 
not all S or N; wherein the dashed circle represents either an aromatic ring, one isolated double 
bond, two or three double bonds, either conjugated or unconjugated, or a fully saturated ring; 
and wherein A, B, C, D, R\ R 2 , R 3 and X are defined above. In one embodiment, X is 
methylene or ethylene. In another embodiment, R 1 is hydrogen, methyl or benzyl. In a further 
1 5 embodiment, R 2 and R 3 are independently hydrogen or methyl. 

The present invention also provides the compound of formula V or VI, having a structure: 
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R 2 



R 1 


















;C-D , 

b \ ; e R 

R 2 



VI 



5 



wherein E, F and G are independently C, N, O or S, with the proviso that (a) at least one of E, 
F and G is N, O or S, (b) no adjacent pair thereof consists solely of O, and (c) E, F and G are 
5 not all S or N; wherein the dashed circle represents either an aromatic ring, one isolated double 
bond, two or three double bonds, either conjugated or unconjugated, or a fully saturated ring; 
and wherein A, B, C, D, R 1 , R 2 , R 3 and X are defined as above. In one embodiment, R 1 is 
hydrogen, methyl or benzyl. In another embodiment, R 2 and R 3 are independently hydrogen or 
methyl. 

0 Specific examples of compounds of the invention are: 

(+H.1 0-diaza-tricyclo[6.3.1 .O^jdodeca^J^.S-triene 
(+)-3,1 1-diaza-tricyclo[7.3.1 .O^Jtridera^J.S.S-triene 
(+)-6,1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3,5-triene 
(+H.1 1-diaza-tricyclo[7.3.1 .O^jtrideca^^.^S-triene 
(+}-5,l 1-Diaza-tricyclo[7.3.1 .02,7]trideca-2(7),3,5-triene 
(+}^methyl-3 i 5,10-triaza-tricyclo[6.3.1.0 2<7 ]dodeca-2(7),3 l 54riene 
(+)-3,5, 1 0-triaza-tricyclo[6.3.1 .0 2,7 ]dodeca-2(7),3,5-trien-4-yIamine 
(+}-1 1-methyl-3,1 1-diaza-tricyclo[7.3.1 .0 2J ]trideca-2(7),3,5-triene 
(+}-5,1 1 -diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3-dien-6-one 
(+^-methoxy-5,11-diaza-tricyclo[7.3.1.0 2,7 ]trideca-2(7),3 ( 5-triene 
(+)-5-methyl-5,1 1-diaza-tricycIo[7.3.1 .0 2 ' 7 ]trideca-2(7) > 3-dien-6-one 
(+)-3-ferf-butyl-3,4 l 9-triaza4ricyclot5.3.1.0 2 ' 6 ]undeca-2(6),4-diene 
(+)-3,14-diazatetracyclo [10.3.1 .O^V'^-hexadeca^l 1),3,5,7,9-pentane 
(+)-3-pyridin-2-yl-3,4,9-triaza-tricyclo[5.3.1.0 2 '^undeca-2(6) l 4<liene 
(+)^phenyl-3,5 p 10-triaza-tricyclo[6.3.1.0 2t7 ]dodeca-2(7) l 3 t 5-triene 
(+)^pyridin^-yl-3,5,10-triazatricyclo[6.3.1.0 2,7 ]dodeca-2(7),3,54ri 
(+}-3-(4-fluoro-phenyl)-3 f 4,94riaza-tricyclo[5.3.1.0 2,6 ]undeca-2(6),4-diene 
(+)-5,7-dibromo-3,14-Diazatetracyclo[10.3.1.0 2,11 .0 4,9 ]-14-benzyl-hexadeca- 
2(11),3,5,7 I 9-pentane 
0 (+)~3,14-diazatetracyclo [1 0.3.1 .0 2 ' l1 .0 4,9 ]-hexadeca-2(1 1 ),3,5,7,9-pentane 

(+)-isomers of the following compounds: 



0 



5 
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(-H.10-c!iaza-tricyclo[6.3;i.0 2,7 ]dodeca-2(7) t 3,5-triene 
(-)-3,1 1-diaza-tricyclo[7.3.1 .0 z,7 ]trideca-2(7) f 3 l 5-Mene 
(-^.l 1-diaza-tricyc!o[7.3.1 .0 27 ]trideca-2(7),3 f 5-triene 
5 (-M.1 1-diaza-tricyclo[7.3.1 .0 2>7 ]trideca-2(7),3 ? 5-triene 

(-}-5,1 1-Diaza-tricyclo[7.3.1 .02,7]trideca-2(7),3,5-triene 
(-H-methyl-3,5,1 0-triaza-tricycio[6.3.1 .0 2,7 ]dodeca-2(7),3,5-triene 
(-)-3,5,l0-triaza-tricycIo[6.3.1.0 2,7 ]dodeca-2(7),3 l 54rien^-ylamine 
(-)-1 1-methyl-3,1 1-diaza-tricyclo[7.3.1 .0 2 ' 7 ]trideca-2(7) ? 3 l 5-triene 

10 (-)-5,1 1-diaza-tricyclo[7.3.l .0 2t7 ]trjdeca-2(7),3-dier>-6-one 

(-)-6-methoxy-5,1 1-diaza-tricyclo[7.3.1 ,0^ 7 ]trideca-2(7),3,5-triene 
(-)-5-methyl-5,1 1-diaza-tricyclo[7.3.1 .0 2 ' 7 ]trideca-2(7) l 3-dien-6-one 
(-)-3-fert-butyl-3 l 4,9-triaza-tricyclo[5.3.1.0 2,6 ]undeca-2(6),4-diene 
(-J-SJ^diazatetracycIo [1 0.3.1. 0 2,11 .0 4,9 ]-hexadeca-2(1 IJ.S.SJ^-pentane 

1 5 (-^S-pyridin^-yl-S.A^-triaza-tricyclofS.S.1 .0 2,6 ]undeca-2(6),4-diene 

(-H-phenyl-3 l 5 l 10-triaza-tricyclo[6.3.1.0 2,7 ]dodeca-2(7),3,5-triene 
(-H-pyridin^-yl-3,5J04riaza4ricyclo[6.3.1.0 2,7 ]dodeca-2(7),3,5-tri 
(-}-3-(4-fiuoro-phenyl)-3A9-tria^ 

(-J-SJ-dibromo-S.^DiazatetracycIono.S.I.O 2 ' 11 ^ 4 ' 9 ]-^ benzyl-hexadeca- 
20 2(11),3,5,7,9-pentane 

(-)-3,14-diazatetracyclo [1 0.3.1 .0 2,11 .0 4,9 ]-hexadeca-2(1 1),3,5,7,9-pentane 
(-)-isomers of the following compounds: 
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or a pharmaceutical^ acceptable salt thereof. 

The compounds of the present invention may be used to bind to and modulate (i.e., 
inhibit, partially inhibit, activate, or partially activate) a nicotinic receptor or receptors in a 
5 mammal, including a human. The present compounds exhibit pharmacological activity 
consistent with such binding. Compounds according to the present invention may also be 
used as reference materials, reference standards, including calibration standards and as 
synthetic intermediates. 

The present invention also relates to all radiolabeled forms of the compounds of the 
10 formulas l-VI. Preferred radiolabeled compounds of formulas l-VI are those wherein the. 
radioiabels are selected from as 3 H, 11 C, 14 C, 18 F, 123 l and 125 l. Such radiolabeled compounds are 
useful as research and diagnostic tools in metabolism studies, such as pharmacokinetics studies, 
etc., and in binding assays in both animals and man. 

The present invention also relates to a pharmaceutical composition for use in reducing 
15 nicotine addiction or aiding in the cessation or lessening of tobacco use in a mammal, including a 
human, comprising an amount of a compound of the formula l-VI, or a pharmaceutical^ 
acceptable salt thereof, that is effective in reducing nicotine addiction or aiding in the cessation or 
lessening of tobacco use arid a pharmaceutically acceptable carrier. 

The present invention also relates to a method for reducing nicotine addiction or aiding in 
20 the cessation or lessening of tobacco use in a mammal, including a human, comprising 
administering to said mammal an amount of a compound of the formula l-VI, or a 
pharmaceutical^ acceptable salt thereof, that is effective in reducing nicotine addiction or aiding 
in the cessation or lessening of tobacco use. 

The present invention also relates to a method of treating a disorder or condition 
25 selected from inflammatory bowel disease (including but not limited to ulcerative colitis, 
pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia, 
chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, 
depression, bipolar disorder, autism, sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), 
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cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid 
hypersecretion, ulcers, pheochromocytoma, progressive supranuclear palsy, chemical 
dependencies and addictions (e.g. , dependencies on, or addictions to nicotine (and/or tobacco 
products), alcohol, benzodiazepines, barbiturates, opioids or cocaine), headache, migraine, 
5 stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, 
Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct 
dementia, age-related cognitive decline, epilepsy, including petit mal absence epilepsy, senile 
dementia of the Alzheimer's type (AD), Parkinson's disease (PD), attention deficit hyperactivity 
disorder (ADHD), attention deficit disorder (ADD), restless legs syndrome (RLS), mild 

10 cognitive impairment, cognitive enhancement in schizophrenia, drug induced extrapyramidal 
symptoms, conduct disorder, oppositional defined disorder, anxiety in anxious smokers, 
cardiovascular risk in pregnancy, delayed ejaculation, emesis, symptoms due to injury inflicted 
by biological warfare, diarrhea, nicotine gum addiction, sleep prevention, ischemia, and 
Tourette's Syndrome in a mammal, comprising administering to a mammal in need of such 

15 treatment an amount of a compound of the formula l-VI, or a pharmaceutical^ acceptable salt 
thereof, that is effective in treating such disorder or condition. 

The present invention also relates to a pharmaceutical composition for treating a 
disorder or condition selected from inflammatory bowel disease (including but not limited to 
ulcerative colitis, pyoderma gangrenosum and Crohn's disease), irritable bowel syndrome, 

20 spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic 
disorder, depression, bipolar disorder, autism, sleep disorders, jet lag, amyotrophic lateral 
sclerosis (ALS), cognitive dysfunction, hypertension, bulimia, anorexia, obesity, cardiac 
arrythmias, gastric acid hypersecretion, ulcers, pheochromocytoma, progressive supranuclear 
palsy, chemical dependencies and addictions (e.g. , dependencies on, or addictions to nicotine 

25 (and/or tobacco products), alcohol, benzodiazepines, barbiturates, opioids or cocaine), 
headache, migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), 
psychosis, Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi- 
infarct dementia, age-related cognitive decline, epilepsy, including petit mal absence epilepsy, 
senile dementia of the Alzheimer's type (AD), Parkinson's disease (PD), attention deficit 

30 hyperactivity disorder (ADHD), attention deficit disorder (ADD), restless legs syndrome (RLS), 
mild cognitive impairment, cognitive enhancement in schizophrenia, drug induced 
extrapyramidal symptoms, conduct disorder, oppositional defined disorder, anxiety in anxious 
smokers, cardiovascular risk in pregnancy, delayed ejaculation, emesis, symptoms due to 
injury inflicted by biological warfare, diarrhea, nicotine gum addiction, sleep prevention, 

35 ischemia, and Tourette's Syndrome in a mammal, comprising an amount of a compound of the 
invention, or a pharmaceutically acceptable salt thereof, and a pharmaceutical^ acceptable 
carrier. The invention is also useful for enhancing smell and taste, for the secondary 
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prevention of cancer, for aiding craving withdrawal and blockade reward, as an angiogenesis 
stimulator, for aiding induction of cessation for smoking, for aiding induction of cessation for 
addiction, as well as for the long-term maintenance of an addiction-free state, and reducing 
prolactin in pituitary adenoma. 

5 This invention also relates to the pharmaceutical^ acceptable acid addition salts of the 

compounds of the invention. Examples of pharmaceutically acceptable acid addition salts of the 
compounds of the invention are the salts of hydrochloric acid, p-toluenesulfonic acid, fumaric 
acid, citric acid, succinic acid, salicylic acid, oxalic acid, hydrobromic acid, phosphoric acid, 
methanesulfonic acid, tartaric acid, malic acid, di-p-toluoyl tartaric acid, and mandelic acid, as 

0 well salts formed from other acids known to those of skill in the art to form pharmaceutically 
acceptable acid addition salts to basic compounds. Other possible acid addition salts are, e.g., 
salts containing pharmaceutically acceptable anions, such as the hydroiodide, nitrate, sulfate 
or bisuifate, phosphate or acid phosphate, acetate, lactate, gluconate, saccharate, benzoate, 
methanesulfonate, ethanesulfonate, benzenesulfonate, and pamoate {i.e., 1.1-methylene-bis- 

5 (2-hydroxy-3-naphthoate) salts). 

Unless otherwise indicated, the term "halo", as used herein, includes fluoro, chloro, 
bromo and iodo. 

Unless otherwise indicated, the term "alkyl", as used herein, includes straight chain 
moieties, and where the number of carbon atoms suffices, branched and cyclic moieties. 
0 The term "alkoxy", as used herein, means "-O-alkyl" or "alkyl-O-", wherein "alkyl" is 

defined as above. 

The term "alkylene, as used herein, means an alkyl radical having two available bonding 
sites (i.e., -alkyl-), wherein "alkyl" is defined as above. 

Unless otherwise indicated, the term "one or more substituents", as used herein, refers 
5 to from one to the maximum number of substituents possible based on the number of available 
bonding sites. 

The term "alkyl", as used herein, unless otherwise indicated, includes saturated 
monovalent hydrocarbon radicals having straight, cyclic or branched moieties. Examples of 
alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, sec-butyl and t~ 

D butyl. Within context, the use of the term "alkyl" may also subsume the use of or refer to 
alkylene groups, i.e., a hydrocarbon radical derived from alkyl groups which are diradicals, 
rather than monoradicals. 

The term "cycloalkyl", as used herein, unless otherwise indicated, includes non- 
aromatic saturated cyclic alkyl moieties wherein alkyl is as defined above. Examples of 

5 cycloalkyl include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and 
cycloheptyl. 
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The term "carbocyclic", as used herein, unless otherwise indicated, refers to a cyclic 
group in which all of the atoms of the ring are carbon atoms. Representative carbocyclic 
groups include cycloalkyl groups as described above. The term carbocyclic subsumes the 
term aryl within it. 

5 The term "heterocyclic", as used herein, unless otherwise indicated, refers to a cyclic 

group in which at least one atom of the ring is a heteroatom (i.e., O, S or N). The term 
heterocyclic subsumes the term heteroaryl within it. Thus, a 5- to 7-membered heterocyclic 
group subsumes a 5- to 7-membered heteroaryl group within it. 

The term "aryl", as used herein, unless otherwise indicated, includes an organic 
10 radical derived from an aromatic hydrocarbon by removal of one hydrogen, such as phenyl, 
naphthyl, indenyl, and fluorenyl. 

The term "heteroaryl", as used herein, refers to aromatic groups containing one or more 
heteroatoms (O, S, or N), preferably from one to four heteroatoms. A multicyclic group 
containing one or more heteroatoms wherein at least one ring of the group is aromatic is a 
15 "heteroaryl" group. The heteroaryl groups of this invention can also include ring systems 
substituted with one or more oxo moieties. Examples of heteroaryl groups are pyridinyl, 
pyridone, hydantoin, pyridazinyl, imidazolyi, pyrimidinyl, pyrazolyi, triazolyl, pyrazinyl, quinolyl,. 
isoquinolyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, indolyl, 
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indoiizinyl, phthalazinyl, triazinyl, 
20 isoindolyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyi, benzothiophenyl, 
benzotriazolyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, 
dihydroquinolyl, tetrahydroquinolyl, dihydroisoquinolyl, tetrahydroisoquinolyl, benzofuryl, 
furopyridinyl, pyrolopyrimidinyl, and azaindolyl. The foregoing groups, as derived from the 
compounds listed above, may be C-attached or N-attached where such is possible. For 
25 instance, a group derived from pyrrole may be pyrrol-1-yl (N-attached), pyrrol-2-yl or pyrrol-3- 
yl (C-attached). The terms referring to the groups also encompass ail possible tautomers. 

The term "phenyl-fused" or "heteroaryl-fused", as used herein, refers to a heterocyclic 
or carbocyclic group which forms a ring by attaching or bonding two atoms (carbon and/or 
heteroatoms) of the heterocyclic or carbocyclic group to two carbon atoms of the phenyl group. 

The term "reductive amination", as used herein, refers to any process whereby the 
combination of an aldehyde or a ketone, or aldehyde or ketone equivalent, such as a bisulfite 
addition complex of an aldehyde, is combined with, in reference to the subject invention, a 
primary amine, secondary amine or ammonia, or ammonia source, such that the compounds 
condense to generate an intermediate imine or iminium ion that may be subjected to 
reduction by means of hydrogenation, such as mediated by a metal species such as 
palladium or platimum in many forms useful for reduction and a hydrogen source, such as 
hydrogen gas, or any precursor to hydrogen gas, including but not limited to formate 
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derivatives or cyclohexadiene, or other hydride sources whereby hydride delivery from said 
source occurs by mechanisms commonly understood and employed. These include hydride 
reagents such as boron or aluminum hydride sources, for instance borohydrides, such as 
[(X^BKU-J" (n = 0, 1, 2, 3) or aluminum hydrides such as [(XyUH^" (n = 0, 1, 2, 3) (wherein 
5 X may be any of the commonly cited ligands for transformations such a reductive amination 
including but not limited to acetoxy, trifluoroacetoxy, alkoxy, or lower alkyl for boron or alkoxy 
or lower alkyl for aluminum). Other hydrides may be equally suited to these transformations 
(for instance silanes or stannanes). 

The term "reducing" or "reductive conditions", as used herein, refers to any process 

10 whereby dehydrohalogenation, hydrogenolysis, hydrogenation, or reduction of unsaturated 
bonds occurs as desired. 

The term "leaving group", as used herein, refers to any group suitable in the 
conversion of a primary amine, secondary amine or ammonia or ammonia source that 
effectively departs in a bond-forming event from a carbon atom of interest, such as in an 

15 alkylation reaction. Suitable groups include halides (iodide, bromide or chloride), sulfonates 
(such methane sulfonate, trifluoromethanesulfonate or aryl sulfonates such as tosyl or nosyl 
groups), epoxides or aziridines or any variation that is well known to those of skill in the art. In 
addition, the processes involving leaving groups may be employed in the formation of other 
C-X bonds where the nucleophile X is oxygen, sulfur or carbon centered. 

20 The compounds of formulas I - VI may have optical centers and therefore may occur in 

different enantiomeric configurations. The invention includes all enantiomers, diastereomers, and 
other stereoisomers of compounds of formulas I - VI, as well as racemic and other mixtures 
thereof. 

The term "compound", as used herein, unless otherwise indicated, refers to any 
25 specific chemical compound disclosed herein. Within its use in context the term generally 
refers to a single compound, but in certain instances may also refer to stereoisomers and/or 
optical isomers (including racemic mixtures), as well as specific enantiomers or 
enantiomerically enriched mixtures of disclosed compounds. 

The term "effective" is used herein, unless otherwise indicated, to describe an 
30 amount of a compound which, in context, is used to produce or effect an intended result, 
whether that result relates to the treatment of a disease state, disorder or condition or 
alternatively, is used to produce another compound, agent or composition. 

The terms "treatment", "treating", and the like, refers to reversing, alleviating, or 
inhibiting the progress of the disorder or condition to which such term applies, or one or more 
35 symptoms of such disorder or condition. As used herein, these terms also encompass, 
depending on the condition of the patient, preventing the onset of a disorder or condition, or of 
symptoms associated with a disorder or condition, including reducing the severity of a disorder 
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or condition er symptoms associated therewith prior to affliction with said disorder or condrtion. 
Thus "treatment", as used herein, can refer to administration of a compound of the mvention to 
a subject that is not at the time of administration afflicted with the disorder or cond.tion. 
"Treating" thus also encompasses preventing the recurrence of a disorder or condition or of 
5 symptoms associated therewith. 

The terms "treatment" , "treating", and the like, when referred to with regard to chem,cal 
transformations, refers to the act of combining or mixing in a manner compare with the 
desired admixing of materials stated in the experimental description or procedure. 

The term "addiction", as used herein, for example in "drug addiction" and "alcohol 
10 addiction", unless otherwise indicated, refers to a maladaptive use of a substance, which may 
be either wfth physioiogical dependence or without. The term "addiction" thus includes both 
substance abuse (such as to nicotine or nicotine containing or producing substances such as 
tobacco) and substance dependence (such as to nicotine or nteotine containing or producng 
substances such as tobacco). The maladaptive pattern of substance use may manifest itself m 
15 recurrent and significant adverse consequences related to the repeated use of the substance. 
The recurrent substance use may result in adverse long-term health consequences. The 
maladaptive use of a substance may involve continued use of the substance despite persistent 
negative health consequences. The maladaptive pattern of substance use may involve clinically 
significant impaimient or distress, for example manifested by tolerance for the substance. 
20 withdrawal symptoms, unsuccessful efforts to cut down or control the substance use. and/or 
taking larger amounts of the substance and/or taking amounts of the substance over a longer 
period than was intended and self-Injurious continued use of the substance. Substances to 
which an addiction may be formed include, but are not limited to nicotine and nicotine containing 
products. 

25 References herein to disease states, disorders and conditions mediated by a 

nicotinic receptor or receptors" indicate disorders or conditions the treatment of which can be 
facilitated by modulating (i.e. inhibiting, partially inhibiting, activating, or partially activating) a 
nicotinic receptor or receptors. Examples of disorders and conditions the treatment of which » 
facilitated by modulation of a nicotine receptor or receptors include, but are not limited to, 

30 inflammatory bowel disease (including but not limited to ulcerative colitis, pyoderma 
gangrenosum and Crohn's disease), irritable bowel syndrome, spastic dystonia. chron.c pain, 
acute pain, celiac sprue, pouchitis, vasoconstriction, anxiety, panic disorder, depress.cn, 
bipolar disorder, autism, sleep disorders, jet lag. amyotrophic lateral sclerosis (ALS), cognitive 
dysfunction, hypertension, bulimia, anorexia, obesity, cardiac arrythmias. gastnc acd 

35 hypersecretion, ulcers, pheochromocytoma. progressive supranuclear palsy, chemical 
dependencies and addictions (e.g.. dependencies on. or addictions to nicotine (and/or 
tobacco products), alcohol, benzodiazepines, barbiturates, opioids or cocaine), headache, 
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migraine, stroke, traumatic brain injury (TBI), obsessive-compulsive disorder (OCD), 
psychosis, Huntington's chorea, tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, 
multi-infarct dementia, age-related cognitive decline, epilepsy, including petit mal absence 
epilepsy, senile dementia of the Alzheimer's type (AD), Parkinson's disease (PD), attention 
5 deficit hyperactivity disorder (ADHD), attention deficit disorder (ADD), restless legs syndrome 
(RLS), mild cognitive impairment, cognitive enhancement in schizophrenia, drug induced 
extrapyramidal symptoms, conduct disorder, oppositional defined disorder, anxiety in anxious 
smokers, cardiovascular risk in pregnancy, delayed ejaculation, emesis, symptoms due to 
injury inflicted by biological warfare, diarrhea, nicotine gum addiction, sleep prevention, 
10 ischemia, and Tourette's Syndrome. 

Detailed Description of the Invention 
Compounds according to the subject invention, generally as depicted in formulas I - 
VI and as described more fully herein, and their pharmaceutical^ acceptable salts can be 
prepared according to the following reaction Schemes I through XI as described herein. 

15 Unless otherwise indicated R 1 , R 2 , R 3 , X, Y, CE?D> and structural formulas I - VI are as 
defined generally above. Isolation and purification of the products is accomplished by 
standard procedures which are known to a chemist of ordinary skill in the art. In addition, by 
following the disclosed chemistry more generically and/or by analogy, one of ordinary skill 
may readily provide all of the compounds according to the subject invention. 

20 As used herein, the expression "reaction inert solvent" refers to a solvent system in 

which the components do not interact with starting materials, reagents, or intermediates of 
products in a manner that adversely affects the yield of the desired product. 

During any of the following synthetic sequences it may be necessary and/or desirable 
to protect sensitive or reactive groups on any of the molecules concerned. This may be 

25 achieved by means of conventional protecting groups, such as those described in T. W. 
Greene, Protective Groups in Organic Chemistry, John Wiley & Sons, 1981; and T. W. 
Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons, 
1991. 
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Scheme I 
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Referring to Scheme I. metalation of alkoxypyridines such as a compound of formula 
1 by known methods (Comins, D. L; LaMunyon, D. H. Tetrahedron Lett. 1988, 29, 773-776) 

5 provides a method of regioselective preparation of ketones such as a compound of formula 3 
as shown via reaction with a suitable amide such a compound of formula 2 (3- 
cyclopentylcarboxyamide). Reduction (Wolff-Kishner conditions), demethylation and 
conversion to trfluoromethanesulfonate ester provides a precursor suitable for Heck 
cyclization chemistry as described in US 6,462,035. As such a standard Wolff-Kishner 

10 reduction of in situ generated or isolated keto-hydrazones (not shown) by the action of 
hydrazine in alcoholic solvent such as ethanol or glycol followed by reaction with sodium or 
potassium hydroxide at elevated temperature in a suitable solvent such as ethylene glycol, 
generally at 120 - 220 °C, preferably at about 200 °C, provides a compound of formula 4. 
Demethylation can be carried out with a suitable nucleophilic group such as halide including 

15 iodide or bromide. The reagent may be chosen from trimethylsilyl iodide, hydrogen iodide, 
TMS-CI/Nal, hydrogen bromide, boron tribromide and the like. The reaction is typically carried 
out in an inert solvent such as dichloromethane, dichloroethane or toluene at ambient 
temperature up the reflux point of the solvent, preferably by the action of TMS-CI/Nal in 
acetonitrile at 0 °C to the reflux temperature of the solvent, preferably at ambient temperature 

20 to provide a compound of formula 5. The compound of formula 5 may then be converted the 
trifluoromethanesulfonate ester 6 by the action of trifluoromethanesulfonic anhydride and a 
suitable base such as pyridine or 2,5-dimethylpyridine (lutidine) in a solvent such as 
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dichloromethane, at temperatures ranging from -78 °C to the reflux temperature, preferably at 
-78 to 0 °C. This is converted to a compound of formula 7 via standard Heck conditions. 
Methods to accomplish these transformations are described in US 6,462,035 B1. 

Again referring to Scheme I, a compound of the formula 7 may be prepared utilizing a 
5 "Heck cyclization reaction" through the action of a palladium catalyst such as 
tetrakis(triphenylphosphine)palladium, tans-benzyl(chloro)bis(triphenyl-phos- 
phine)palladium(ll), palladium on carbon, palladium acetate, palladium chloride, palladium 
trifluoroacetate, palladium trisdibenzylideneacetone, bis-(triphenyIphoshine)palladium 
dichioride or other sources of coordinated palladium (0) or palladium (II). The reaction of 6 

10 can be carried out in a solvent such as hexamethylphosphoramide (HMPA), /V- 
methylpyrrolidone (NMP), ethanol, methanol, water or DMF, DMA, acetonitrile or other 
suitable solvents at temperatures from ambient to 130 °C for 6-48 hours at 1-2 atmospheres 
pressure. Alternatively palladium acetate or palladium trifluoroacetate in the presence of a 
ligand such as triphenylphosphine or tri-o-toluyl phosphine and with a quaternary ammonium 

15 salt such as tetrabutylammonium bromide, tetrabutylammonium chloride, tetrabutylammonium 
acetate in the presence of a base such as sodium acetate or potassium acetate and in a 
solvent such as DMF or dimethyl acetamide (DMA) may be effective. Alternatively the 
reaction may be performed without added salts, and by reaction with a secondary or tertiary 
amine base such as triethylamine. The reaction may be run at ambient temperature to the 

20 reflux point of the solvent. Often a degassed reaction solution is preferred as may be 
determined by one of skill in the art. A preferred condition includes reaction of a compound of 
formula 6 and palladium acetate, 1 f 3-bis(diphenylphosphino)propane and triethylamine in 
DMF at 100 °C for about 18 hours. These conditions provide a bicyclic olefinic compound 
such as 7 (for examples and further description of these methods see US 6,462,035 B1). The 

25 olefin such as 7 may be converted by the appropriate methods to give the desired amine of 
formula I by a standard oxidative cleavage / reductive amination process (see Coe, J. W. 
Organic Lett. 2000, 2, 4205-4208). As such first this olefin is converted to its corresponding 
diol, a compound of formula 8, by a standard dihydroxylation procedure (VanRheenen, V.; 
Cha, D. Y.; Hartley, W. M. Org. Synth. 1988, Coll. Vol. 6, 342-348). Standard oxidative 

30 cleavage with Nal0 4 provides an intermediate dialdehyde (not shown) that may be 
condensed with ammonia or a primary amine and a reducing agent such as NaCNBH 3 or 
NaBH(OAc) 3 in a solvent such as dichloroethane or dichloromethane to provide a compound 
of formula 9 (see (Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, R. 
D. J. Org. Chem. 1996, 61, 3849). If the desired product lacks a /V-substituent, removal of the 

35 substituent may be accomplished by standard means based on the selection of the radical. 
For instance if the group is the benzyl group, its removal may be accomplished by standard 
reductive removal methods. Equally useful is a method of introduction of nitrogen lacking a 
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15 



20 



radical by, after cleavage of the diol such as in compound 8 to an intermediate dialdehyde, 
introduction of ammonium hydroxide and treatment of the mixture with a suitable palladium 
hydrogenation catalyst such as palladium on carbon or palladium hydroxide. The entire 
mixture, may be placed under hydrogen pressure of at least 1 to 10 atmospheres. In such a 
case the intermediate olefin such as 7 may be exposed to catalytic osmium tetroxide and 
trimethylamine /V-oxide in anhydrous dichloromethane for 36 hours at room temperature 
followed by treatment with sodium periodate in a mixture of ethanol and water for two hours 
and finally reduction over palladium hydroxide and three atmospheres of hydrogen with an 
ammonia source such as ammonium hydroxide or benzylamine at room temperature for 16- 
72 hours to afford a compound of formula 10 directly. 

Scheme 11 
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Referring to Scheme II, an example of an isomeric '3-pyridyP metalation appears 
above. A "halogen dance" methodology has been described (Queguiner, G.; Snieckus, V.; 
Epsztajn, J. Adv. Heterocyclic Chem. 1991, 52, 189-304 and Bunnett, J. F. Acc. Chem. Res. 
1972, 5, 139) and allows for the introduction via 3-iodo-2-fluoropyridine 12 the cyclopentenyl 
carbonyl intermediate 14 as before. This is subjected to Heck cyclization conditions (Jeffery, 
T. Tetrahedron 1996, 52, 10113-10130 and LaRock, R. C. J. Org. Chem. 1989, 54, 2047-50) 
to afford the bicyclic intermediate such as 1 5. Conversion to an alkoxy derivative (not shown) 
may be effected by exposure to alkoxide in alcohol, such as sodium methoxide in methanol. 
Reduction of the carbonyl may be accomplished by known methods (see (a) Caglioti, L. 
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Tetrahedron, 1966, 22, 487-493 and (b) Kabalka, G. W.; Summers, S. T. J. Org. Chem. 1981, 
46, 1217-1218) to give a compound of formula 16. The conversion of the olefinic compound 
such as 16 to a piperidine such as 17 follows methods similar to those described above, and 
in particular similar to those described in the literature in a related synthesis (see, Coe, J. W. 
5 Organic Lett 2000, 2, 4205-4208). This product of the general formulas I and II, a compound 
of formula 17, can be further converted if desired into the pyridone 18 by protection of the 
secondary nitrogen by standard methods such as with a f-butyl oxycarbonyl moiety followed 
by TMSI dealkyiation of the alkyl ether, such as the methyl ether. This process also removes 
the f-butyl oxycarbonyl moiety to provide the pyridone 18. Alternatively f-butyl oxycarbonyl 

10 protected material may be converted to the A/-alkyl pyridone moiety, by alkylation, with 
methyliodide for instance, followed by deprotection with for instance HCI under standard 
conditions it give a compound of the formula 19. 

In each of the reactions discussed below, and as illustrated in Scheme II, above, 
pressure is not critical unless otherwise indicated. Pressures from about 0.5 atmospheres to 

15 about 5 atmospheres are generally acceptable, with ambient pressure, i.e., about 1 
atmosphere, being preferred as a matter of convenience. 

Referring to Scheme II, a compound of the formula 11 may be converted to 
compounds of the formula 12 by treatment with a suitable base such as lithium 
diisopropylamide, lithium bistrimethylsilylamide, potassium bistrimethylsilylamide, sodium 

20 bistrimethylsilylamide, lithium tetramethylpiperidide as well as bases such as n-butyl lithium, 
sec-butyl, lithium, phenyl lithium and mesityl lithium. The reaction is carried out in an inert 
solvent such as tetrahydrofuran, ether, dimethoxyethane or dioxane and solvents such as 
toluene and hexane at a temperature between - 78 °C and ambient temperature, lodination 
may be conducted with solid iodine or solutions of iodine in anhydrous solvents. It may also 

25 be conducted with AModosuccinimide or iodine monochloride. The most preferred conditions 
use lithium diisopropylamide in THF at - 78 °C and iodine. In a similar manner the related 3- 
bromo-2-fluoropyridine may be prepared by substituting bromine for iodine in the above 
sequence and may be used like the iodide in the preparation of compound 1 5. 

Again referring to Scheme II above, a compound of the formula 14 may be prepared 

30 from 12 (or from 3-bromo-2-fluoropyridine) by treatment with a base such as lithium 
diisopropylamide, lithium bistrimethylsilylamide, potassium bistrimethylsilylamide, sodium 
bistrimethylsilylamide, lithium tetramethylpiperidide. The reaction is carried out in an inert 
solvent such as tetrahydrofuran, ether, dimethoxyethane or dioxane and solvents such as 
toluene and hexane at a temperature between - 78 °C and ambient temperature. The 

35 resulting anion 13 which is formed through a "Halogen Dance" rearrangement is treated with 
an acylating agent such as cyclopent-3-enecarboxylic acid methoxymethylamide or formula 2 
or cyclopent-3-enecarboxylic acid diethylamide or cyclopent-3-enecarboxyIic acid at a 
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temperature between - 78 °C and ambient temperature. The most preferred conditions 
involve formation of the anion 13 with lithium diisopropylamide and acylation with cyclopent-3- 
enecarboxylic acid methoxymethylamide 2 in THF at - 78 °C. If bromide is chosen to replace 
iodide in 12 then the product 14 will also have bromide in place of iodide. Either compound 
5 may be used in the synthesis of 1 5. 

Again referring to Scheme II above, a compound of the formula 15 may be prepared 
utilizing a "Heck cyclization reaction" as described above referring to Scheme I. The most 
preferred conditions include reaction of a compound of formula 14 with palladium acetate and 
triphenylphosphine tetrabutylammonium bromide and potassium acetate in DMF at 100 °C for 

10 twenty minutes. 

Again referring to Scheme II above, a compound of the formula 15 wherein the 
fluoride atom has been exchange for an alkoxy radical, can be prepared by reaction of 15 in a 
solvent such as methanol with a base such as sodium methoxide or potassium carbonate 
sodium hydroxide or sodium hydrogen carbonate. By choosing a different solvent and base 

1 5 other aliphatic and benzyiic ethers may be prepared in a similar fashion. The most preferred 
conditions involve methanol as a solvent with sodium methoxide at the reflux point of the 
solvent. 

Again referring to Scheme II above, a compound of the formula 16 may be prepared 
by a standard Wolff-Kishner reduction of keto-hydrazones with sodium or postassium 
20 hydroxide. Alternatively, the ketone may be converted to the tosylhydrazone by reaction of 
tosylhydrazine in refluxing ethanol. Reductive removal of the hydrazone may be carried out by 
reduction of the tosyl hydrazone with the adduct obtained by reaction of 2 equivalents benzoic 
acid and borane in THF or with catechol borane or. by the reaction with potassium 
borohydride, sodium triacetoxyborohydride and sodium cyanoborohydride. This reduction can 

25 be carried out in a suitable inert solvent such as chloroform, dichloromethane, and 
dichloroethane at a temperature between -25 °C and ambient temperature. The solvent is 
removed and the residue is resuspended in a high boiling solvent such as ethylene glycol and 
treated with a suitable base such as potassium or sodium carbonate and heated to 100 °C. 
The preferred conditions include formation of the tosylhydrazone with tosylhydrazine in 

30 refluxing ethanol followed by reduction of the tosylhydrazone with dibenzoylborane in alcohol 
free chloroform at 0 °C. The final stage of the reduction is carried out in ethylene glycol with 
potassium carbonate heated to 100 °C. 

Again referring to Scheme II above, a compound of the formula 17 may be prepared 
by reaction of 16 with osmium tetroxide or potassium permanganate to afford a diol. 

35 Specifically, if osmium tetroxide is used in catalytic amounts, then a reoxidant is needed. 
Suitable reoxidants are /v-methylmorpholine N-oxide, trimethylamine A/-oxide, and sodium 
periodate. The reacton is typically run in an inert solvent such as dichloromethane, THF, 
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dioxane or other suitable inert solvents at a temperature from 0 °C to ambient using a reaction 
time of 1 to 48 hours. The diol thus formed above is treated with sodium periodate or 
tetrabutyl ammonium periodate in ethanol or methanol in the presence of water at room 
temperature for a period of 1-12 hours. This was followed by the introduction of ammonium 
5 hydroxide and the mixture was treated with a suitable palladium hydrogenation catalyst such 
as palladium on carbon or palladium hydroxide. The entire mixture may then be placed under 
hydrogen pressure of at least 1 to 10 atmospheres. The most preferred conditions involve 
catalytic osmium tetroxide and trimethylamine A/-oxide in anhydrous dichloromethane for 36 
hours at room temperature followed by treatment with sodium periodate in ethanol water for 

10 two hours and finally reduction over palladium hydroxide and three atm of hydrogen at room 
temperature for 16 hours to afford a compound of formula 17. 

Again referring to Scheme II above, nitrogen protection of 17 may be completed with 
CBz-chloride in a suitable solvent or mixture of solvents and base. Typical solvents include 
dichloromethane, chloroform, dichloroethane, toluene and water or a mixture of these with 

15 water. Suitable bases include sodium carbonate or sodium bicarbonate, triethylamine or 
diisopropylethylamine. The f-Boc group can be introduced using a reagent such as di-f - 
butyldicarbonate, di-f-butylpyrocarbonate, 2^butoxycarbonyloxyimino)-2-phenylacetonitrile 
(f-Boc-ON), f-Boc-azide, f-Boc-chloride, f-Boofluoride and 2-(f-butoxycarbonyloxy)phthalimide 
' or similar reagents wherein f-Boc refers to the residue tertiary butoxycarbonyl a useful 

20 protecting group. The reaction is conducted in a suitable solvent or mixture of solvents, 
including, but not limited to the following: dichloromethane, ethyl acetate, chloroform, 
benzene, toluene, ether, tetrahydrofuran (THF), dichloroethane and water with a suitable 
base including, but not limited to, the following: sodium, lithium and potassium carbonates, 
bicarbonates and hydroxides, imidazole, dimethylaminopyridine and trialkylamines such as 

25 triethylamine. The reaction requires 0.5 to 24 hours for completion. The temperature is not 
critical, the reaction being run between room temperature and the reflux temperature of the 
solvent or mixture of solvents. The reaction is generally run at a pressure between 0.5 and 
2.0 atmospheres, preferably at atmospheric pressure. It is preferably carried out at reflux for 1 
- 2 hours with f-Boc dicarbonate in a mixture of dichloromethane -and water with sodium 

30 bicarbonate as base. The f-Boc protecting group can be readily removed from the protected 
products described above, to form the free amine compound by treatment with an acid such 
as hydrochloric, sulfuric, trifluoroacetic, acetic, nitric, hydrofluoric, hydrobromic and hydroiodic 
using water as a solvent or co-solvent or in anhydrous organic solvents such as methanol, 
ethanol, ether, ethyl acetate, dichloromethane and chloroform or mixtures thereof. The 

35 product is obtained as its acid salt which may be then treated with a suitable base including, 
but not limited to, the following: sodium, lithium and potassium carbonates, bicarbonates and 
hydroxides, generally, in water to afford the desired material as the free base form. 
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Referring to Scheme IV, a compound of formula 24, may be converted to the 
corresponding amine of formula 25 as depicted above utilizing lead tetraacetate, an 
alternative reagent for oxidative cleavage, or by methods more fully described in Schemes I 
and II above and in the Examples section. Demethylation can be carried out with a suitable 
5 nucleophilic group such as halide including iodide or bromide. The reagent may be chosen 
from trimethylsilyl iodide, hydrogen iodide, TMS-CI/Nal, hydrogen bromide, boron tribromide 
and the like. The reaction is typically carried out in an inert solvent such as dichloromethane, 
dichloroethane or toluene at ambient temperature up the reflux point of the solvent. The 
preferred conditions for preparation of compounds of formula 25 to the phenol 26 is by the 

10 action of BCI 3 in a solvent such as dichloromethane, at temperatures ranging from -78 °C to 
reflux temperature, preferably at -78 to 0 °C. The compound of formula 26 may then be 
converted to a keto-ester 28 by first activation as the trifluoromethanesulfonate ester 27 by 
the action of trifluoromethanesulfonic anhydride and a suitable base such as pyridine in a 
.solvent such as dichloromethane, at temperatures ranging from -78 °C to the reflux 

15 temperature, preferably at -78 to 0 °C. This is converted to a keto-ester via standard Heck 
carbonylation conditions (for instance see, Dolle, R. E.; Schmidt, S. J.; Kruse, L. I. J. Chem. 
Soc., Chem. Commun. 1987, 904-905). Methods to accomplish these transformations are 
also described in US 6,462,035 B1 . 
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Scheme V 




RhCifPPh^ 
EtOH 




Referring to Scheme V, the keto-ester 28 may be converted by the action of NaBH 4 to 
an intermediate diol 29 that is readily oxidized by standard protocols, such as the catalytic 
5 ruthenium based TPAP (tetrapropylammonium perruthenate) / /V-methylmorpholine /V-oxide 
reagent system, to the intermediate keto-aldehyde 30 (see Ley, S. L. Synthesis 1994, 639 
and Aldrichinica Acta 1990, 23, 13). Treatment of a compound of formula 30 with hydrazine in 
alcohol, preferably ethanol, at ambient temperature provides a useful preparation of a 
phthalazine compound of formula 31. Products such as this may be utilized as described in 
10 this invention as such or converted by standard means to the corresponding product lacking 
1-alkyI substitution. 

Again referring to Scheme V, treatment of the keto-ester 28 directly with hydrazine or 
mono-substituted hydrazine derivatives as one may desire, such as methyl hydrazine, in a 
solvent such as an alcohol, preferably ethanol, at a temperature such as ambient 
15 temperature, provides a condensation product derived from the loss of a molecule of water 
and a molecule of methanol. In the case of reactions with hydrazine itself, it is possible that 
the reduction of the allyl group, as is a known reductive action of hydrazine, may occur to 
provide the corresponding A/-propyl derivative of formula 32. Other ^-protective groups may 
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be used to gain access to compound such as 32 lacking the protective group. The alkyl 
hydrazine derivative provides the 2-/V-alkyl phthalazin-1-one of formula 33 regipselectively. 

Again referring to Scheme V, removal of the allyl group, or other protecting group as 
may be incorporated as desired, can be accomplished under standard protocols, such as by 
5 the catalytic action of RuCI(PPh 3 ) 3 and a solvent such as ethanol. This is usually performed at 
the reflux temperature under conditions that allow for the removal of solvent and the so 
formed ethylallyl ether or other ether as determined by the alcohol of choice. Other standard 
methods for the removal of protecting groups are equally suitably, such as conditions 
employing palladium catalysis known in the art. This deprotection provides an effective 
1 0 method of preparation of a compound of formula 34. 



Scheme VI 




Referring to Scheme VI above, a phenolic-ketone of formula 26 may be reduced by, 
for instance, the action of NaBH 4 to provide a phenolic alcohol of formula 35 that is well suited 

15 to a Ritter reaction. This may for instance be used to provide the oxazine of formula 36 as 
depicted above. Under appropriate acidic conditions, such as upon exposure to mineral acids, 
for instance sulfuric acid, methane sulfonic acid or hydrochloric acid, preferably sulfuric acid, 
in the presence of alkyl or aryl nitriles, such as for instance acetonitrile, provides the 
corresponding oxazine. This is typically performed at a temperature that provides for reaction, 

20 such as at ambient temperature, but may require lower or elevated temperatures, depending 
upon the exact nature of the starting substrates involved. 



Scheme VII 




Referring to Scheme VII above, a compound such as the phenolic ketone 26 as 
25 depicted above is useful for conversion to the corresponding isoxazole of formula 38. This is 
typically performed via intermediate oximes of the formula 37. Oximes of this type are easily 
prepared by contacting hydroxylamine, or other equivalents, such as for instance O-sulfonyl 
hydroxylamines, and the keto-phenol of formula 26 under appropriate conditions, such as in 



PCT/IB2004/002261 

WO 2005/007655 r ^ 

-25- 



an alcohol, such as methanol, in the absence or presence of a catalyst, such as for instance 
barium carbonate or other appropriate bases. This is performed at from room to the reflux 
temperature of the medium, preferably the reflux temperature. Once obtained, the oxime such 
as 37 may be activated, unless it was formed from a pre-activated species, such as for 

5 instance O-sulfonyl hydroxyzines, to give an intermediate suitable for closure to the 
tetracyclic ring system. This is done for instance by treatment with acetic anhydride to provide 
the O-acetyl oxime (not shown). This can be done with triethyl amine in an inert solvent such 
as dichloromethane at ambient temperature. This activated material may then be subjected to 
ring closing conditions, such as by exposure to base, for example NaH in a polar solvent such 

10 as a dipolar aprotic solvent such as DMF. This may be performed at any temperature that 
induces closure, for instance from 0 °C to the reflux temperature, preferably at room 
temperature. These conditions provide for the conversion to the desired isoxazole tetracylic 
such as a compound of formula 38. 

Scheme VIII 



15 



25 
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Referring to Scheme VIII, dicyclopentadiene diol of formula 39 (3a,4,5,6,7,7a- 
hexahydro-1H-4.7-methano-indene-5,6-diol, see Freeman, F.; Kappos, J. C. J. Org. Chem. 
1989, 54; 2730-2734) may be converted through a standard oxidative cleavage / reductive 
amination process as described hereinabove (Abdel-Magid, A. F.; Carson, K. G.; Harris, B. 
20 D.; Maryanoff, C. A.; Shah, R. D. J. Org. Chem. 1996, 61, 3849) to generate the piperidine of 
formula 40. The compound of formula 40 may be converted to its corresponding diol (not 
shown) by a standard dihydroxylation procedure (VanRheenen, V.; Cha, D. Y.; Hartley, W. M. 
Org. Synth. 1988, Coll. Vol. 6, 342-348) as described hereinabove to provide a diol of formula 
41. The oxidation of olefins to the corresponding diols above may be accomplished by other 
standard means known to those of skill in the art, including for instance by the action of 
KMn0 4 . Standard oxidative cleavage of 41 with for example Nal0 4 provides an intermediate 
dialdehyde (not shown). Equally useful, mineral or organic acid salts of a compound such as 
of formula 40 may be exposed in alcohol, for instance methanol, or water, to ozone. This will 
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produce intermediate hydroperoxides, which may be reduced by exposure to suitable 
reductants such as dimethyl sulfide (methyl sulfide) to provide the intermediate dialdehyde 
salt directly. The intermediate dialdehyde is condensed with hydroxylamine or Oalkyl 
hydroxylamines to provide bisoximes (not shown). These are typically warmed in acid to 
5 provide the corresponding pyridine of formula 42. (For related methods see, Abood, L. G. J. 
Am. Chem. Soc. 1986, 108, 7864). Debenzylation by standard methods described above 
provides a compound of formula 43. 



Scheme IX 




10 Referring to Scheme IX, a method of preparation of bicyclic amino ketones of 

formulae 50 and 51 is presented. By this approach acetic acid bicyclo[2.2.1]hept-5-en-2-yi 
ester of formula 45 is prepared by standard methods. For instance contacting 44 and acetic 
anhydride and a base, such as pyridine or a combination of a tertiary amine such as 
triethylamine and catalytic 4-A/,A/-dimethylaminopyridine, with or without solvent, such as for 

15 instance dichloromethane at from 0 °C to about room temperature, preferably room 
temperature and under an inert atmosphere produces the compound of formula 45. The 
compound of formula 45 can then be converted as described above to a diol intermediate of 
formula 46 by methods described above (or see Oberhauser, T.; Bodenteich, M.; Faber, K.; 
Penn, G.; Griengl, H. Tetrahedron 1987, 43, 3931-3944). Conversion to the A/-benzyl amino 

20 substituted ketone of formula 50 is presented, and again follows oxidative cleavage / 
reductive amination methods as described in prior discussion. The compound of formula 50 is 
a useful precursor to compounds of the invention as described below in Scheme XI, XII and 
XIII. The ketone also may be converted to other useful intermediates for the preparation of 
compounds of the invention, for instance by treatment with dimethylformamide dimethylacetal 

25 or other versions of the same reagent, such as for instance Brederick's reagent (HC(NMe 2 ) 3 , 
either neat or in a suitable solvent such as for instance DMF, NMP or DMA, at temperatures 
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from room to 150 °C preferably at 100 °C. provides a method of conversion to the 
dimethylaminomethylene bicyclic ketone of formula 51. 

Scheme X 




44a 



50a 




51a 



O 50b 



5 Referring to Scheme X, the chemistry above allows for the preparation of the 

homologous ketone of formula 50a. As such access to ketone 50a is possible from 
bicyclo[2.2.2]oct-5-en-2-ol (see J. Org. Chem. 1954, 19, 381 - 384), the compound of formula 
44a by the methods described in Scheme IX. Alternative methods of preparation of ketone 
50a have been demonstrated (see J. Org. Chem. 1968, 33, 3195 - 3201). Analogously, the 

10 ketone 50a also may be converted to other useful intermediates for the preparation of 
compounds of the invention, for instance by treatment with dimethylformamide dimethylacetal 
or other versions of the same reagent, such as for instance Bredericks reagent (HC(NMe 2 ) 3 , 
either neat or in a suitable solvent such as for instance DMF, NMP or DMA, at temperatures 
from room to 150 °C preferably at 100 °C. provides a method of conversion to the 

15 dimethylaminomethylene bicyclic ketone of formula 51a. The ketones of formula 50a and 51a 
allow for the preparation of compounds of the invention wherein X is CH 2 CH 2 . In an 
analogous fashion, these conversions may be carried out on the related ketone whereby Z is 
CH 2 to give products of formulas I -VI ultimately so derived. Ketone 50b provides a useful 
starting material for these products of the invention (see Reints Bok.T.; Speckamp.W.H.; 

20 Tetrahedron 1 979, 35, 267-272). 
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Scheme XI 




Referring to Scheme XI, standard methods of heteroaryl synthesis are applicable to 
the preparation of compounds of formula I - IV, for example a compound of formula 53. 
5 Friedlander synthesis may be applied to prepare quiholine-like structures (see for conditions 
Cheng, C. C; Yan, S. J. in Organic Reactions 28, 37, 1982 and the examples section) from a 
compound of formula 50, 50a or 50b (for brevity only 50 is depicted). Fischer indole synthesis 
provides a method of preparation of indoles of formulas V - VI (see B. Robinson, The Fischer 
Indole Synthesis Wiley, New York, 1982). Conversion of the dimethylaminomethylene bicyclic 
10 ketone of formula 51 to compounds of the invention of formulas I - VI follows well-established 
methods involving condensation with urea, amidines, guanidines and hydrazines. Preparation 
of pyridines may be accomplished by well established means as described in J. Org. Chem. 
2001, 60,4194. 

Again referring to Scheme XI, ketone of formula 50 in a suitable solvent such as 
15 acetic acid and catalyst such as sulfuric acid is treated with 2-amino benzaldehyde, or 
substituted carbocyclic or heterocyclic variants thereof. The mixture may be heated to 100 °C 
for up to 7 days, typically for 60 hours to provide a compound of formula 52. The benzyl- 
protecting group is removed by methods described previously to provide a compound of 
formula 53. 

20 Again referring to Scheme XI, the dimethylaminomethylene bicyclic ketone of formula 

51 in a suitable solvent such as ethanol may be treated with a suitable base, for instance 
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potassium carbonate and an amidine or guanidine or salt thereof, one such example is 
illustrative, such as acetamidine hydrochloride. The reaction mixture at heated at under reflux 
until complete, typically for up to 7 days, preferably for 24-48 hours to provide a compound 
of formula 54. The benzyl group my be removed by standard methods, for instance treatment 

5 in ethanol with ammonium formate and a suitable protecting group precursor, such as di-f- 
butyl carbonate and a catalyst such as a palladium or platinum catalyst for instance 
Pearlman's catalyst. The mixture is heated at reflux until complete, for example, for 18 hours. 
This method works to convert the benzyl group into a compound of formula 55 whereby the 
nitrogen is protected as a f-butyl carbonyl group which is readily removed by methods well 

10 established in the art such as treatment of a solution of this material with HCI in alcohol, 
chlorinated solvent, ester or ethereal solvents, for convenience ethyl acetate or methanol is 
used usually at room temperature to provide a compound of formula 56. 

Again referring to Scheme XI, the dimethylaminomethylene bicyclic ketone of formula 
51 may be treated with hydrazine or substituted hydrazines to prepare pyrrazoles. For 

1 5 instance phenyl hydrazine hydrochloride in an alcoholic solvent when heated at reflux for 24 - 
72 hours provides a pyrrazole of formula 57. This may be deprotected as described above to 
provide a compound of formula 58. Examples of these are described in the examples section. 

Scheme XII 






20 Referring to Scheme XII, ketone intermediates such as 50 and homologous ketones 

prepared by known methods or by methods related to those described herein (50a and 50b, 
Scheme X) may be converted to fused heteroaryl compounds of the invention of formulas V - 
VI under Fischer indole synthetic protocols. Under these conditions, such as by intimate 
contact, with or without solvent, preferably without, in the presence of a suitable catalyst, such 

25 as mineral acids, including sulfuric acid or organic acids such as tosic acid and the like, or 
Lewis acids such as zinc chloride, preferably zinc chloride or sulfuric acid, in amounts ranging 
from 0.1% to 200% of the weight of the mixture of components produces compound of 
formula 59. If the protecting group is suitably robust and survives the protocol, it requires 
subsequent removal by methods described previously. If however the protecting group is lost 

30 in the cyclization event, the compound may be isolated directly or by the intermediacy of 
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protecting groups that facilitate purification by one skilled in the art and subsequent isolation 
of homogeneous materials of the invention. For brevity the formation of indole from phenyl 
hydrazine is shown, however other hydrazines are well know to participate in this reaction, 
such as 2, 3, or 4-substituted pyridinyl hydrazines and may be used to prepare additional 
5 heterocyclic compounds of formulas I, V and VI. 



Scheme XIII 




Referring to Scheme XIII, an additional method of generating fused heterocyclic 
compounds of the invention is by conversion of the ketone intermediates such 50 and 

10 homologous ketones such as 50a or 50b prepared by known methods such as those referred 
to above to reactive intermediates by treatment with conditions of Vilsmeier-Haack (Huet, F. 
Synthesis 1985, 5, 496-497 and Adam, W.; Richter, M, J. J. Org. Chem. 1994, 59, 3341- 
3346). These methods include but are not limited to treatment of a solution of ketone in a 
suitable reactive solvent such as dimethylformamide, with a suitable acid chloride such as 

15 phosphorous oxychloride or thionyl or oxalyl chloride. This is typically done at temperatures 
from 0-100 °C, most preferably initiating the conversion at 0 °C and providing enough heat 
to promote conversion such as by allowing the mixture to warm to ambient temperature. 
Though chloride ligands are typically used, other halides may be used for this conversion. 
Subsequently the intermediate halo-aldehyde compounds (61 is depicted) produced in this 

20 way are useful in the generation of products of the invention by exposure to 2, 3, or 4- amino 
substituted pyridinyl compounds as desired. In such instances, the mixture of these two 
component compounds provides a method of condensation and thermal cyclization to 
generate compounds such as those described above in Scheme XI in the context of the 
Friedlander synthesis (see HeterocycJes 1995, 41, 911-19 and J. Org. Chem. 1991, 56, 2268- 

25 70). Structure 61 and related structures are also suitable intermediates for the conversion to 
pyrimidines (with guanidines) and pyrimidones (with ureas) J. Heterocyclic Chem. 1995, 32, 
353-4 and Nippon Kagaku Kaishi 1982, 5, 876-9). 

Again referring to Scheme XIII, ketone intermediates such 50 and homologous 
ketones such as 50a or 50b may be converted to fused heteroaryl compounds of the 

30 invention after conversion to the corresponding alpha hah-ketone derivative such as 62. 
Treatment of such ketones or their alkali metal salts with halogenating agents such as with 
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bromine provides access to 62 (for examples, see J. Org. Chem. 1986, 51, 2913-27). These 
intermediates are converted upon treatment with 2-amino heteroaryl compounds to fused 
heterocyclic compounds of the invention. This conversion may be carried out by known 
methods (see Chem. Pharm. Bull 2000, 48, 935-940 and J. Med. Chem. 1999, 42, 3934- 
5 3941). Additionally the conversion of halo ketones of this type to imidazoles are known. 
{Synthesis 2000, 10, 1439-1443.) 

As noted above, suitable amine protecting groups that can be used, alternatively, in 
the procedures described throughout this document include -COCF 3 , -COCCI 3 , 
-COOCH 2 CCI 3 , -COCKCVCeJalkyl and -COOCH 2 C 6 H 5 . These groups may be removed by 
10 methods described for each In Greene, et ai, Protective Groups in Organic Chemistry, 
referred to above. Instances where protecting groups would be modified under the reaction 
conditions, such as, e.g., a -COOCH 2 C 6 H 5 group during nitration, still permit said procedures 
to operate as described with said modified protecting group. Modifying the order of protecting 
group incorporation and/or methods of functional group introduction or modification may also 
1 5 be applied where appropriate. 

In each of the reactions discussed above, or illustrated in Schemes I - XI, above, 
pressure is not critical unless otherwise indicated. Pressures from about 0.5 atmospheres to 
about 5 atmospheres are generally acceptable, with ambient pressure, i.e., about 1 atmosphere, 
being preferred as a matter of convenience. 
20 The compounds of the invention and their pharmaceutical^ acceptable salts (hereafter 

"the active compounds") can be administered via either the oral, transdermal (e.g., through the 
use of a patch), intranasal, sublingual, rectal, parenteral or topical routes. Transdermal and oral 
administration are preferred. These compounds are, most desirably, administered in dosages 
ranging from about 0.01 mg up to about 1500 mg per day, preferably from about 0.1 to about 300 
25 mg per day in single or divided doses, although variations will necessarily occur depending upon 
the weight and condition of the subject being treated and the particular route of administration 
chosen. However, a dosage level that is in the range of about 0.001 mg to about 10 mg per kg of 
body weight per day is most desirably employed. Variations may nevertheless occur depending 
upon the weight and condition of the persons being treated and their individual responses to said 
30 medicament, as well as on the type of pharmaceutical formulation chosen and the time period 
and interval during which such administration is carried out In some instances, dosage levels 
below the lower limit of the aforesaid range may be more than adequate, while in other cases still 
larger doses may be employed without causing any harmful side effects, provided that such 
larger doses are first divided into several small doses for administration throughout the day. 
35 The active compounds can be administered alone or in combination with 

pharmaceuticaify acceptable earners or diluents by any of the several routes previously indicated. 
More particularly, the active compounds can be administered in a wide variety of different dosage 
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forms, e.g., they may be combined with various phanmaceutically acceptable inert carriers in the 
form of tablets, capsules, transdermal patches, iozenges, troches, hard candies, powders, 
sprays, creams, salves, suppositories, jellies, gels, pastes, lotions, ointments, aqueous 
suspensions, injectable solutions, elixirs, syrups, and the like. Such carriers include solid diluents 
5 or fillers, sterile aqueous media and various non-toxic organic solvents. In addition, oral 
pharmaceutical compositions can be suitably sweetened and/or flavored. In general, the active 
compounds are present in such dosage forms at concentration levels ranging from about 5.0% to 
about 70% by weight. 

For oral administration, tablets containing various excipients such as microcrystalline 

10 cellulose, sodium citrate, calcium carbonate, dicalcium phosphate and glycine may be employed 
along with various disintegrants such as starch (preferably corn, potato or tapioca starch), alginic 
acid and certain complex silicates, together with granulation binders like polyvinylpyrrolidone, 
sucrose, gelatin and acacia. Additionally, lubricating agents such as magnesium stearate, 
sodium lauryl sulfate and talc can be used for tabletting purposes. Solid compositions of a similar 

15 type may also be employed as fillers in gelatin capsules; preferred materials in this connection 
also include lactose or milk sugar, as well as high molecular weight polyethylene glycols. When 
aqueous suspensions and/or elixirs are desired for oral administration the active ingredient may 
be combined with various sweetening or flavoring agents, coloring matter and, if so desired, 
emulsifying and/or suspending agents, together with such diluents as water, ethanol, propylene 

20 glycol, glycerin and various combinations thereof. 

For parenteral administration, a solution of an active compound in either sesame or 
peanut oil or in aqueous propylene glycol can be employed. The aqueous solutions should be 
suitably buffered (preferably pH greater than 8), if necessary, and the liquid diluent first rendered 
isotonic. These aqueous solutions are suitable for intravenous injection purposes. The oily 

25 solutions are suitable for intraarticular, intramuscular and subcutaneous injection purposes. The 
preparation of all these solutions under sterile conditions is readily accomplished by standard 
pharmaceutical techniques well known to those skilled in the art. 

If is also possible to administer the active compounds topically and this can be done 
by way of creams, a patch, jellies, gels, pastes, ointments and the like, in accordance with 

30 standard pharmaceutical practice. 

The effectiveness of the active compounds in suppressing nicotine binding to specific 
receptor sites is determined by the following procedure which is a modification of the methods of 
Lippiello, P. M. and Fernandes, K. G. (in The Binding of L-ftyNicotine To A Single Class of High- 
Affinity Sites in Rat Brain Membranes, Molecular Pharm., 29, 448-54, (1986)) and Anderson, D. 

35 J. and Arneric, S. P. (in Nicotinic Receptor Binding of 3 H-Cystisine, z H-Nicotine and 
*H-Methylcarmbamylcholine In Rat Brain, European J. Pharm., 253, 261-67 (1994)). 
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The effectiveness of the active compounds in suppressing nicotine binding to specific 
receptor sites can be determined by the following procedure, which is a modification of the 
methods of Lippiello, P. M. and Fernandes, K. G. (in "The Binding of L-[ 3 H]Nicotine To A 
Single Class of High-Affinity Sites in Rat Brain Membranes", Molecular Pharm., 29, 448-54, 
5 (1986)) and Anderson, D. J. and Americ, S. P. (in "Nicotinic Receptor Binding of 3 H-Cytisine, 
3 H-Nicotine and 3 H-Methylcarmbamylcholine In Rat Brain", European J. Pharm., 253, 261-67 
(1994)). Male Sprague-Dawley rats (200-300 g) from Charles River were housed in groups in 
hanging stainless steel wire cages and were maintained on a 12-hour light/dark cycle (7 a.m.- 
7 p.m. light period). They received standard Purina Rat Chow and water ad libitum. The rats 

10 were killed by decapitation. Brains were removed immediately following decapitation. 
Membranes were prepared from brain tissue according to the methods of Lippiello and 
Fernandez (Molec. Pharmacol., 29, 448-454, (1986)) with some modifications. Whole brains 
were removed, rinsed with ice-cold buffer, and homogenized at 0 °C in 10 volumes of buffer (w/v) 
using a Brinkmann Polytron™ (Brinkmann Instruments Inc., Westbury, NY), setting 6, for 30 

15 seconds. The buffer consisted of 50 mM Tris HCI at a pH of 7.5 at room temperature. The 
homogenate was sedimented by centrifugation (10 minutes; 50,000 x g; 0 to 4 °C). The 
supernatant was poured off and the membranes were gently resuspended with the Polytron and 
centrifiiged again (10 minutes; 50,000 x g; 0 to 4 °C). After the second centrifugation, the 
membranes were resuspended in assay buffer at a concentration of 1.0g/1QGmL The 

20 composition of the standard assay buffer was 50 mM Tris HCI, 120 mM NaCI, 5 mM KCI, 2 mM 
MgCI 2 , 2 mM CaCI 2 and had a pH of 7.4 at room temperature. 

Routine assays were performed in borosilicate glass test tubes. The assay mixture 
typically consisted of 0.9 mg of membrane protein in a final incubation volume of 1.0 mi- 
Three sets of tubes were prepared wherein the tubes in each set contained 50 pL of vehicle, 

25 blank, or test compound solution, respectively. To each tube was added 200 pL of [ 3 H]- 
nicotine in assay buffer followed by 750 pL of the membrane suspension. The final 
concentration of nicotine in each tube was 0.9 nM. The final concentration of cytisine in the 
blank was 1pM. The vehicle consisted of deionized water containing 30 pL of 1 N acetic acid 
per 50 mL of water. The test compounds and cytisine were dissolved in vehicle. Assays were 

30 initiated by vortexing after addition of the membrane suspension to the tube. The samples 
were incubated at 0 to 4 °C in an iced shaking water bath. Incubations were terminated by 
rapid filtration under vacuum through Whatman GF/B™ glass fiber filters (Brandel Biomedical 
Research & Development Laboratories, Inc., Gaithersburg, MD) using a Brandel™ multi- 
manifold tissue harvester (Brandel Biomedical Research & Development Laboratories, Inc., 

35 Gaithersburg, MD). Following the initial filtration of the assay mixture, filters were washed two 
times with ice-cold assay buffer (5 ml each). The filters were then placed in counting vials 
and mixed vigorously with 20 ml of Ready Safe™ (Beckman, Fullerton, CA) before 
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quantification of radioactivity. Samples were counted in a LKB Wallac Rackbeta liquid 
scintillation counter (Wallac Inc., Gaithersburg, MD) at 40-50% efficiency. All determinations 
were in triplicate. 

Calculations: Specific binding (C) to the membrane is the difference between total 
5 binding in the samples containing vehicle only and membrane (A) and non-specific binding in 
the samples containing the membrane and cytisine (B) t i.e., 
Specific binding = (C) = (A) - (B). 

Specific binding in the presence of the test compound (E) is the difference between 
the total binding in the presence of the test compound (D) and non-specific binding (B), i.e., 
10 (E) = (D)-(B). 

% Inhibition = (1-((E)/(C)) times 100. 

The compounds of the invention that were tested in the above assay exhibited IC 5 o 
values of less than 1 0OjjM. 

f 125 n-Bunqarotoxln binding to nicotinic receptors in GH d CI cells : 

15 Membrane preparations were made for nicotinic receptors expressed in GH 4 CI cell 

line. Briefly, one gram of cells by wet weight were homogenized with a polytron in 25 mis of 
buffer containing 20 mM Hepes, 118 mM NaCI, 4.5 mM KCI, 2.5 mM CaCI 2 , 1.2 mM MgS0 4 , 
pH 7.5. The homogenate was centrifuged at 40 t 000 xg for 10 min at 4 °C f the resulting pellet 
was homogenized and centrifuged again as described above. The final pellet was 

20 resuspended in 20 mis of the same buffer. Radioligand binding was carried out with [ 125 l] 
alpha-bungarotoxin from New England Nuclear, specific activity about 16 uCi/ ug, used at 0.4 
nM final concentration in a 96 well microtiter plate. The plates were incubated at 37 °C for 2 
hours with 25 \i\ drugs or vehicle for total binding, 100 p.f [ 125 l] Bungarotoxin and 125 ^l tissue 
preparation. Nonspecific binding was determined in the presence of methyllycaconitine at 1 

25 iiWi final concentration. The reaction was terminated by filtration using 0.5% Polyethylene 
/mine treated Whatman GF/B™ glass fiberfiiters (Brandel Biomedical Research & 
Development Laboratories, Inc., Gaithersburg, MD) on a Skatron cell harvester (Molecular 
Devices Corporation, Sunnyvale, CA) with ice-cold buffer, filters were dried overnight, and 
counted on a Beta plate counter using Betaplate Scint. (Wallac Inc., Gaithersburg, MD). Data 

30 are expressed as IC50's (concentration that inhibits 50% of the specific binding) or as an 
apparent Ki, IC50/1+[L]/KD. [L] = ligand concentration, KD = affinity constant for [ 125 l] ligand 
determined in separate experiment. 

The compounds of the invention that were tested in the above assay exhibited IC 50 
values of less than 10jjM. 
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I — H-Bunqarot oxin binding to alohal nicotinic receptors in Torpedo electroplax 
membranes : 

Frozen Torpedo electroplax membranes (100 were resuspended in 213 mis of 
buffer containing 20 mM Hepes, 1 18 mM NaCI, 4.5 mM KCI, 2.5 mM CaCJ 2 , 1.2 mM MgS0 4 , 
5 pH 7.5 with 2 mg/ml BSA. Radioligand binding was carried out with [ 125 l] alpha-bungarotoxin 
from New England Nuclear, specific activity about 16 uCi/ ug, used at 0.4 nM final 
concentration in a 96 well microtiter plate. The plates were incubated at 37°C for 3 hours 
with 25 pi drugs or vehicie for total binding, 100 pi [ 12S IJ Bungarotoxin and 125 ii\ tissue 
preparation. Nonspecific binding was determined in the presence of alpha-bungarotoxin at 1 
10 \iM final concentration. The reaction was terminated by filtration using 0.5% Polyethylene 
imine treated GF/B filters on a Brandel cell harvester with ice-cold buffer, filters were dried 
overnight, and counted on a Beta plate counter using Betaplate Scint. 

Data are expressed as IC50 f s (concentration that inhibits 50% of the specific binding) 
or as an apparent Ki, !C50/1+[L]/KD. [L] = ligand concentration, KD = affinity constant for 
15 [ 125 l] ligand determined in separate experiment. 

The following experimental examples illustrate, but do not limit the scope of, this 
invention. 

EXPERIMENTAL PROCEDURES 
Example 1 

20 Preparation of 3-Cvclo pent-3-envNf2-methoxv-pyridin-3-vn-methanone 

(Based on Comins, D. L; LaMunyon, D. H. Tetrahedron Lett. 1988, 29, 773-776 and 
Trecourt, F.; Mallet, M.; Marsais, F.; Queguiner, G. J. Org. Chem. 1988, 53, 1367- 

1371.) 

Bromo-2,4,6-trimethylbenzene (16.9 g, 85 mmol) was stirred in anhydrous THF ( 340 
25 mL) at -78 °C under nitrogen and treated with f-BuLi (100 mL of 1 .7 M soln. in pentane, 1 70 
mmol) dropw/se via an addition funnel over 30 m/n. A yellow slurry forms and is stirred 1 h. To 
this was added 2-methoxypyridine (8.45 g, 77.3 mmol) in anhydrous THF (10 mL) over 5 min. 
The mixture was allowed to warm to 0 °C and stirred for 1 h, then at ambient temperature for 
1 h, then recooled to -78 °C and treated with cydopent-3-enecarboxylic acid methoxy-methyl- 
30 amide (12.4 g, 80 mmol) in anhydrous THF (20 mL) over 5 min. The resulting mixture was 
stirred 18 h (the bath evaporated and the mixture achieved ambient temperatures). The 
mixture was poured Into saturated aqueous NaHC0 3 solution (250 mL) and stirred 20 min. 
The mixture was extracted with Et 2 0 (3 x 100 mL). The organic layer was washed with H 2 0 (2 
x 100 mL) and saturated aqueous NaCI solution then dried over Na 2 S0 4 , filtered and 
35 concentrated to an oil (26 g). Purification by chromatography on silica gel eluting first with 
hexane to remove mesitylene followed by 10% then 20% Et 2 0/hexanes elutes product, which 
was concentrated to a clear oil (12.2 g, 75% crude). (TLC 10% Et 2 0/hexanes R f 0.36); 1 H 
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NMR (400 MHz, CDCI 3 ) 8 8.28 (dd f J = 4.9, 2.0 Hz, 1H), 8.02 (m, 1H), 6.97 (m, 1H), 5.65 (s, 
2H), 4.03 (s, 3H), 4.17, (m, 1H), 2.67 (m, 4H); GCMS m/z 203 (M) + . 

Preparation of 3-CvcIopent-3-envlmethyl-2Hrnethoxv-Pvridine 
CycIopent-3-enyl-(2-methoxy-pyridin-3-yi)-methanone (10.0 g, 49.3 mmol), hydrazine 
5 hydrate (6.33 g, 198 mmol) and pulverized potassium hydroxide (85% KOH) (16.8 g, 300 
mmol) were warmed in ethylene glycol (100 mL) until solution occurred at 100 °C then to 180 
°C for 18 h. The mixture was cooled to room temperature and treated with water (100 mL) 
then extracted with 50% EtOAc/hexanes (3 x 80 mL). The organic layer was washed with 
saturated aqueous NaCI solution, dried over Na 2 S0 4 and concentrated to an oil. Purification 

10 by chromatography on silica gel eluting with 10% EtOAc/hexanes provided the desired 
product as an oil 4.75 g (51%). (TLC 10% Et 2 0/hexanes R f 0.80); *H NMR (400 MHz, CDCI 3 ) 
5 8.01 (dd, J = 5.0, 1.7 Hz, 1H), 7.37 (dd, J - 7.2, 1.5 Hz, 1H), 6.81 (dd, J = 7.2, 5.0 Hz, 1H), 
5.66 (s, 2H), 3.95 (s, 3H), 2.61 (m, 3H), 2.40 (m, 2H) f 2.03 (m, 2H); GCMS m/z 189 (M) + . 3- 
Cydopent-3-enyf-1H-pyrazolo[3,4-b]pyridine was also isolated 4.45 g (49%). 

15 Preparation of 3-Cyclopent-3-envlmethvMH<>vridin-2-one ester 

3-Cyclopent-3-enylmethyl-2-methoxy-pyridine (2.1 g, 11.1 mmol) and Nal (4.16 g, 
27.8 mmol) were stirred in dry CH 3 CN (25 mL). The resulting cloudy dispersion was stirred 
and treated with trimethylsilyl chforide (3.0 g, 27.8 mmol) causing the mixture to become a 
white dispersion. After stirring 30 min. at room temperature then at 70 °C for 1 h the reaction 

20 mixture was cooled to room temperature and treated with H 2 0 (50 mL). The product 
precipitated, and was extracted with EtOAc (4 x 50 mL). The organic layer was washed with 
H 2 0 (4 x 50 mL), saturated aqueous NaHC0 3 solution (50 mL) and saturated aqueous NaCI 
solution. The extracts were dried over Na 2 S0 4 and concentrated to a yellow solid, 1.93 g 
(100%). (TLC 10% EtOAc R f 0.35); 1 H NMR (400 MHz, CDCI 3 ) 5 7.28 (m, 2H), 6.22 (t, J = 6.6 

25 Hz, 1H), 5.65 (s, 2H), 2.70 (m, 1H), 2.58 (d, J = 7.5 Hz, 2H), 2.47 (m, 2H), 2.03 (m, 2H); 13 C 
NMR (100 MHz, CDCI 3 ) § 165.1, 138.7, 132.3, 132.0, 129.6, 106.6, 38.7, 36.7, 35.2; GCMS 
m/z 175 (M) + . 

Preparation of Trifluoro-methanesulfonic acid 3-cyclopent-3-envlmethvl- 
pyridin-2-vl ester 

30 3-Cyclopent-3-eny!methyi-1H-pyridin-2-one (1.9 g, 10.9 mmol) and 2,6- 

dimethyipyridine (2.21 mL, 19 mmol) were, stirred in dichloromethane (50 mL) at 0 °C and 
treated with trifluoromethanesulfonic anhydride (2.38 mL, 14.1 mmol) dropwise over 1 min. 
The mixture was- allowed to warm to room temperature and stirred for 1 h then poured into 
H 2 0 (50 mL). The layers were separated and the aqueous layer was extracted with 

35 dichloromethane (3 x 30 mL). The combined organic layer was washed with H 2 0 (2 x 50 mL), 
and a saturated aqueous NaHC0 3 solution (50 mL), dried through a cotton plug and 
concentrated to provide an oil (3.1 g, 93%). (TLC 15% EtOAc/hexanes Rf 0.40); 1 H NMR (400 
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10 



15 



20 



25 



30 



35 



MHz. CDCI3) 5 8.21 (d, J = 4.7 Hz, 1H), 7.70 (d, J = 7.5 Hz. 1H). 7.29 (m. 1H). 5.67 (s 2H) 
2.74 (d. J = 7.5 Hz, 2H), 2.61 (m, 1H). 2.45 (m. 2H). 2.04 (dd. J = 14.3. 5.0 Hz. 2H); «C NMR 
(100 MHz, CDCy 8 155.1. 145.8. 141.4. 129.5. 128.0. 124.0. 38.5. 36.9. 35.5. CF 3 carbon 
not observed; GCMS m/z 241(M)*. 

Preparation of S-Aza-tricvclof? ? 1 n ^ ldodeca.gm .3 ,*,™.^^ 
Trifluoro-methanesulfbnic acid 3-cyclopent-3-enylmethyl-pyridin-2-yl ester (3 1 g 10 1 
mmol) was stirred in DMF (20 mL) and degassed (3 N 2 /vacuum cycles) then treated under a 
N 2 atmosphere with triethylamine (1.52 g. 15 mmol), 1.3-bis(diphenyl P hosphino)propane (334 
mg. 0.80 mmol) and palladium acetate (72 mg, 0.32 mmol). After 20 min. the mixture was 
warmed to 100 °C under nitrogen for 18 h. at which time the reaction was deemed 90% 
complete. Additional triethylamine (1 mL. 7.2 mmol) was added and the mixture brought to 
110 C for 6 h at which time TLC analysis indicated complete consumption of starting 
matenal. The reaction mixture was cooled and poured into 50o/ o saturated aqueous NaCI 
solution (75 mL) then extracted with EtOAc (4 x 30 mL). The combined organic layer was 
washed with H 2 C (2 x 50 mL), saturated aqueous NaHC0 3 solution (50 mL). saturated 
aqueous NaCI solution (50 mL), dried over Na^O,. filtered and concentrated to an oil 2 3 g 
Of this material 1.89 g was chromatographed on silica gel eluting with 20% EtOAc/hexanes to 
provide an off (1.07 g. 77%). (TLC 20% EtOAc/hexanes R f 0.21); ' H NMR (400 MHz, CDC/ 3 ) 8 
8.10 (dd. J = 4.9. 0.7 Hz. 1H), 7.18 (d, J = 7.5 Hz, 1H), 6.92 (dd, J = 7.5, 4.9 Hz, 1H) 6 21 
(dd. J = 5.5, 2.9 Hz. 1H), 5.73 (dd, J = 5.5. 2.6 Hz. 1H), 3.43 (m, 1H). 2.86 (m. 2H). 2.40 (d J 
= 16.2 Hz. 1H). 2.21 (m. 1H). 1.80 (d. J = 10.2 Hz. 1H); "c NMR (100 MHz. CDCI 3 ) § 162 0 
145.0. 138.2. 138.0. 131.7, 130.1, 121.6. 47.3. 39.5. 37.9. 29.7; APCI MS m/z 158.1 (M)*. " ' 

Preparation of 3.Ara-tricv C lor7.3 1 n^ odeca^m.a S .» ri 1^ ., rJ 

3-Aza-tricyclor7.2.1.0^]dodeca-2(7).3.5.10-tetraene (960 mg. 6.1 mmol) and 
tnmethylamine N-oxide dihydrate (748 mg. 6.73 mmoi) were stirred in dichloromethane (15 
mL) and treated with osmium tetroxide (Os0 4 , 0.2 mL of a 15mol% f-butanol solution) and the 
m,xture was stirred porously. After 18 h, the residue was poured onto a silica gel column (2 
x 6 ,nch) and eluted with hexanes (100 mL) then EtOAc to elufe product as an oil that 
crystallizes on standing (1.16 g, 100%). (TLC EtOAc R f 0.17); ' H NMR (400 MHz, CDC1 3 ) 6 
8.12 (d, J = 4.9 Hz. 1H). 7.40 (d. J = 7.5 Hz. 1H), 7.07 (dd, J = 7.5. 4.9 Hz, 1H), 4.19 (d J = 
6.0 Hz. 1H). 3.90 (d. J = 6.0 Hz. 1H). 3.45 (s. 1H). 3.00 (dd. J = 17.3. 4.8 Hz. 1H). 2.67 (d J = 
17.3 Hz, 1H). 2.43 (m. 2H). 1.59 (d, J = 11.8 Hz. 1H); «C NMR (100 MHz. CDC 3 ) 5 1594 
147.6. 138.1. 130.9, 122.3. 77.1, 75.4. 51.6. 42.2. 33.9. 28.5; APCI MS m/z 192.1 (M)*. 
P reparation of 11-B*nzvl^11^i aM .^ Y ^ 

3-Aza-tric y clor7.2.1.0^]dodeca-2(7).3,5-triene-10,1lKiiol (1.16 g. 6.07 mmol) was 
st.rred in EtOH (40 mL) and was treated with a solution of Na.0 4 (1.35 g. 6.07 mmol) in H 2 0 
(20 mL). A precipitate forms and the mixture becomes a yellow slurry. After 15 min the 
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reaction is deemed complete (TLC EtOAc Rf 0.62), diluted with water and extracted with 
dichloromethane (4 x 50 mL). The organic layer was washed with H 2 0 (5 x 50 mL) then dried 
through a cotton plug and concentrated to an oil. This oil was stirred in DCE (50 mL), treated 
with benzyl amine (650 mg, 6.07 mmol) then sodium triacetoxyborohydride NaBH(OAc) 3 (4.12 
5 g, 19.4 mmol). The mixture was stirred 7 h, then was quenched by addition to saturated 
sodium carbonate (Na 2 C0 3 ) solution and EtOAc (-75 mL each). After stirring 20 min., the 
layers were separated and the aqueous layer was extracted with EtOAc (2 x 50 mL). The 
organic layer was washed with H 2 0 (50 mL) and saturated aqueous NaCI solution (50 mL) 
then dried over Na^O^ Filtration and concentration affords an oil, 1 .2 g which was purified 

10 by chromatography on silica gel eluting with 50% EtOAc/hexanes to provide pure product as 
an oil, 802 mg (50%). (TLC EtOAc R f 0.68); 1 H NMR (400 MHz, CDCI 3 ) 5 8.30 (dd, J = 4.7, 0.6 
Hz, 1H), 7.40 (d, J = 7.7 Hz, 1H), 7.13-7.07 (m, 4H), 6.85 (m, 2H), 3.35 (AB q, AAB = 27.2, J 
= 13.8 Hz, 2H), 3.08 (s, 1H), 3.02 (dd, J = 17.3, 7.0 Hz, 1H), 2.92 (d, J = 10.6 Hz, 1H), 2.81 
(d, J = 10.6 Hz, 1H), 2.74 (d, J = 17.3 Hz, 1H) 3.34 (br d, J = 10.6 Hz, 2H), 2.17 (br s, 1H), 

15 1.90 (d, J = 3.0 Hz, 2H); 13 C NMR (100 MHz, CDCI 3 ) 5 160.8, 145.6, 139.2, 134.7, 134.2, 
128.1, 128.0, 126.6, 121.0, 62.3, 60.8, 58.9, 38.4, 34.2, 29.8, 28.4; APCI MS m/z 265.1 (M) + . 
Preparation of 3.1 1 -Diaza-tricvcior7.3.1 .0 2,7 1trideca-2(7),3.5-triene 
11-Benzyl-3,11-diaza-tricyc{o^^ (743 mg, 2.8 mmol) and 

HC0 2 NH 4 (6 g) were dissolved in methanol (35 mL) and treated with Pd(OH) 2 /C (10wt%, 210 

20 mg). The mixture was warmed to reflux for 1 h then was filtered hot through Celite™ with a 
methanol rinse. The filtrate was stripped and slurried in dichloromethane then filtered through 
a fritted-glass filter. The filtrate was concentrated and dissolved in dichloromethane (15 mL) 
then treated with f-Boc^O (670 mg, 3.1 mmol) and stirred 18 h. The mixture was stripped and 
purified by chromatography on silica gel eluting with 75% EtOAc/hexanes to provide pure 

25 product as an oil (224 mg, 30%). (TLC EtOAc Rf0.53). The remaining material was the N- 
formyl derivative, S.ll^liaza-tricyclo^.S.I.O^trideca^^^-triene-ll-carbaldehyde, 360 mg 
(63%). GCMS m/z 202 (M)*. 3,11-Diaza-tricyclo[7.3.1.0 2<7 ]trideca-2(7),3,5-triene-11- 
carbaldehyde and NaOH (800 mg) were warmed to reflux in dioxane/H 2 0 (7/3 mL) for 4 h. 
Additional NaOH was added (400 mg) and heating continued. After 2 h, the mixture was 

30 cooled, diluted with saturated aqueous NaHC0 3 solution (20 mL) and treated with f-Boc 2 0 
(400 mg, 1.83 mmol) and stirred 2 h. Isolation as above yields 11-f-Boc-3,11-diaza- 
tricyclo[7.3.1.0 2,7 ]trideca-2(7),3,5-triene, 245 mg. 

11^Boc-3,11-Diaza-tricycio[7.3.1.0 2,7 ]trideca-2(7),3,5-triene (194 mg) was dissolved 
In EtOAc (5 mL) and treated with 3N HCI EtOAc (2 mL). The solution was warmed to reflux 

35 and stirred 18 h. After cooling, the solids were filtered and rinsed with hexane then dried 
under vacuum to give 95 mg white soh'ds. Mp 295 - 301 °C (dec); (TLC -0.2% NH 3 / 10% 
CH 3 OH/dichloromethane R f 0.25); 1 H NMR (400 MHz, CD 3 OD) 5 8.72 (d, J = 5.5 Hz, 1H), 
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8.43 (d, J = 8.1 Hz, 1H), 7.94 (dd, J = 8.1, 5.5 Hz, 1H) f 3.71 (s, 1H), 3.58 (dd, J = 13.3, 2.4 
Hz, 1H), 3.51-3.40 (m, 3H), 3.33 (m, 1H), 3.18 (d, J = 19.1 Hz, 1H), 2.67 (br s, 1H), 2.33 (d, J 
= 13.6 Hz, 1H), 2.11 (d, J = 13.6 Hz, 1H); 13 C NMR (100 MHz, CDCl 3 ) 5 149.5, 147.5, 140.3, 
138.0, 125.7, 48.9, 46.2, 30.9, 30.4, 25.4, 24.4; GCMS mfz 174 (M)*; Anal. Calcd. for 
5 CnH 14 N 2 '2HCI: C, 53.45; H, 6.52; N, 1133; Found C, 53.06; H, 6.49; N, 11.16. 

Example 2 

Preparation of 1 1 -Methvl-3.1 1 -diaza-tricyclor7.3.1 .0 2,7 ltrideca-2(7),3,5-triene 

dihvdrochloride 

3,11-Diaza-tricyclot7.3.1.0^ 7 ]trideca-2,4,6-triene-11-carbaldehyde (75 mg, 0.4 mmol) 
10 was stirred in 1M BH 3 THF complex (3 mL) at reflux for 18 h at which time additional 1M 
BH 3 THF complex was introduced (3 mL). Heating was continued for 3 days at which time the 
mixture was cooled and treated with 1N HCI (5 mL) and cone. HCI (1 mL) and the resulting 
mixture refluxed for 24 h. The mixture was cooled, treated with solid NaOH to achieve pH 10 
and extracted with EtOAc (4x10 mL). The organic layer was washed with saturated aqueous 
15. NaCI solution (30 mL), dried over Na 2 S0 4 , filtered and concentrated to give 48 mg. This 
material was dissolved in MeOH and treated with 1 mL 3N HCI /EtOAc solution, stirred and 
concentrated. After recrystallization from MeOH/Et 2 0, product was filtered and dried to give 
white solids (49 mg 59%). Mp 260-266 °C; (TLC -0.2% NH 3 / 5% CH 3 OH/dichloromethane R f 
0.33); 1 H NMR (400 MHz, CD 3 OD) 6 8J3 (d, J = 5.0 Hz, 1H), 8.42 (d, J = 8.1 Hz, 1H), 7.95 
20 (m, 1H), 3.78 - 3.15 (m, 7H), 2.82 (s, 3H), 2.74 (br s, 1H), 2.28 (d, J = 13.6 Hz, 1H), 2.09 (d, J 
= 13.6 Hz, 1H); GCMS m/z 188 (M + ). 

Example 3 
Preparation of 2-fluoro-3-iodopvridine 

Prepared according to J. Org. Chem. 1993, 7832: A solution of lithium 
25 diisopropylamide was prepared by addition of n-BuLi (46.4 ml, 2.5 M in hexanes, 0.12 mol) to 
a solution of diisopropyl amine (15 ml, 0.12 mol) in of anhydrous THF (200 ml) at 0 °C. After 
stirring for ten minutes the solution was cooled to -78 °C. Using a syringe pump 2- 
fluoropyridine (10 ml, 0.12 mol) was added neat over 2 min. The reaction mixture was stirred 
for 4 h at this temperature. A white precipitate formed. A solution of iodine (29.5 gm, 0.12 mol) 
30 in of anhydrous THF (100 ml ) was added over 40 min via syringe pump while the reaction 
was kept at - 78 °C. The reaction mixture changed from white to yellow and finally to orange 
in color during this addition. The reaction mixture is quenched at - 78 °C by adding of water 
(5 ml) followed by carefully pouring the mixture into an 1:1 mixture of saturated aqueous 
sodium bicarbonate and saturated aqueous sodium thiosulfate. The product was extracted 
35 into ether and the organic layer was washed with brine and then dried over Na 2 S0 4 and 
evaporated in vacuo. The residue 22.2 gm (86 %), which solidified, was purified by 
chromatography on silica gel eluting with 9/1 hexane/ethyl acetate to afford of the desired 2- 
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fluoro-3-iodopyridine contaminated with 2-fIuoro-4-iodopyridine (21 gm). 1 H NMR (CDCI 3 , 400 
MHz) 6 8.17 (m f 2H), 6.95 (m, 1H); APCI MS m/z224 (M) + . 

Preparation of Cvclopent^3"envt-f2-fIuorO"4-iodo-pvridin-^-vl)-methanone 
A solution of lithium diisopropylamide was prepared by addition of n-BuLi (1.79 ml, 
5 2.5M in hexanes, 4.5 mmol) to a solution of diisopropyl amine (589 ul, 4.5 mmol) in of 
anhydrous THF 9 ml) at -78 °C. After stirring for twenty minutes the solution was treated with 
2-fluoro-3-iodopyridine (1 gm, 4.5 mmol) in anhydrous THF (1 .8 mi) via syringe pump over 10 
min. The mixture was stirred for one hour at -78 °C. A brown precipitate was formed. To this 
mixture was added via syringe pump over fifteen minutes cyclopent-3-enecarboxylic acid 

10 methoxy-methyl-amide (695 mg, 4.5 mmol) in anhydrous THF (1.8 ml). The reaction mixture 
was stirred at - 78 °C for 30 min. whereupon the suspension transformed to a solution 
followed by an additional 2.5 h at -78 °C. The reaction mixture was quenched at - 78 °C by 
adding water (5 ml) followed by carefully pouring the mixture into saturated aqueous sodium 
bicarbonate. The product was extracted into ethyl acetate and the organic layer was washed 

15 with brine and then dried over Na 2 S0 4 and evaporated in vacuo. The residue, 950 mg, was 
purified by chromatography on silica gel eluting with 9/1 hexane/ether to afford of the desired 
product (676 mg, 48 %). 1 H NMR (CDCl 3 , 400 MHz) 5 7.88 (d, 1 H, J = 5 Hz), 7.70 (d, 1 H, J = 
5 Hz), 5.67 (s, 2H), 3.79 (m, 1H), 2.79 (m, 2H), 2.62 (m, 2H). 13 C NMR (CDCI 3 , 100 MHz) 5 
202.1, 159.2, 157.0, 148.1, 147.9, 132.7, 128.7, 106.6, 49.5, 34.9; APCI MS m/z 318 (M + 

20 1) + . 2-FIuoro-3,4-diodopyridine was also isolated (60 mg). 1 H NMR (CDCI 3 , 400 MHz) 5 7.84 
(d, 1H, J = 5 Hz), 7.64 (d, 1 H, J = 5 Hz); 13 C NMR (CDCI 3 , 100 MHz) 5 163.9, 161.0, 147.0, 
146.9, 132.2, 123.5, 92.0; APCI MS m/z 350 (M + 1)\ 

Preparation of 6-Fluoro-5-aza-tricvctof7.2.1 .0 2 ' 7 1dodeca-2 .4.6,1 0-tetraen-8-one 
Cyclopent-3-enyl-(2-fIuoro-4-iodo-pyridin-3-yl)-methanone (110 mg, 0.35 mmol) as 

25 prepared above, was combined with tetrabutylammonium bromide (112 mg, 0.35 mmol), 
potassium acetate (102 mg, 1.04 mmol), triphenylphosphine (2 mg, 0.009 mmol) and DMF (4 
ml). The reaction mixture was deoxygenated with nitrogen and then palladium acetate (2 mg, 
0.008 mmol) was introduced. The reaction mixture was heated in a 100 °C oil bath for 20 min. 
A black precipitate was observed after 7 min. The reaction mixture was cooled to room 

30 temperature and was then added to a mixture of 1:1:1:1 ethyl acetate, hexane, brine and 
water. The organic layer was separated and washed with brine and then dried and 
evaporated. The residue (60 mg) was used directly in the next step. 1 H NMR (CDCI 3 , 400 
MHz) 8 8.15 (d, 1H, J = 5 Hz), 7.03 (d, 1H, J = 5 Hz), 6.65 (m, 1H), 6.19(m, 1H), 3.69 (br s, 
1H), 3.51 (m, 1H), 2.68 (m, 1H), 2.63 (d, 1H, J = 11 Hz); APCI MS m/z 190 (M + 1)*; HRMS 

35 (m/z): (M + H) + calc'd. for CnHsFNOa: 190.0668; found, 190.0654. 
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Preparation of 6-Methoxv-5-aza-tricvdor7.2.1 .0 2 ' 7 ld odeca-2.4.6.10-tetraen-8-one 

The crude product from above (60 mg, 0.32 mmol) was taken up into methanol and 
treated with sodium methoxide (21 mg, 0.38mmol) and heated under reflux for 30 min. The 
reaction mixture was allowed to cool to room temperature and was partitioned between 

5 dichloromethane and brine. The organic layer was dried over sodium sulfate and evaporated 
in vacuo. The residue was purified by chromatography on silica gel eluting wiV^ 85/15 
hexanes/ethyl acetate to afford desired materia! 42 mg (60% overall). 1 H NMR (CDCI 3 , 400 
MHz) 5 8.10 (d, 1H, J = 5 Hz), 6.70 (d, 1H, J = 5 Hz), 6.57 (dd, 1H, J = 6 Hz, J = 3 Hz), 6.17 
(dd, 1H, J = 6 Hz, J = 3 Hz), 3.97 (s, 3H), 3.56 (br s, 1H), 3.43 (br s, 1H), 2.57 (m, 2H). 13 C 

10 NMR (CDCI 3 , 100 MHz) 8 193.9, 163.5, 159.8, 150.6, 142.1, 132.7, 114.1, 110.4, 57.5, 54.1, 
47.2, 46.7; APCI MS m/z 202 (M + 1) + ; HRMS (m/z): (M + H) + calc'd. for C 12 HnN0 2 : 

202.0868; found, 202.0880. 

Preparation of 6-Methoxv-5-aza-tricvclor7.2.1 .0 2 ' y 1dodeca- 2.4.6.10-tetraene 
A flame dried round bottom flask with nitrogen inlet, magnetic stir bar and a reflux 

15 condenser was charged with 6-methoxy-5-aza4ricydo[7.2.1.0 2 ' 7 ]dodeca-2,4,6,10-tetraen^- 
one (0.58 gm, 2.9 mmol) and tosylhydrazine (0.59 gm, 3.2 mmol) in 100% ethanof (5 ml). The 
reaction was heated under reflux for 30 min. The mixture was allowed to cool to room 
temperature and was then filtered. The solids were washed with ethanol and then dried under 
vacuum to afford the tosylhydrazone (0.8 gm, 80 %). A second flame dried round bottom flask 

20 with nitrogen inlet and magnetic stir bar was charged with chloroform (6 ml, made EtOH free 
by passing through a column of alumina) followed by benzoic acid (1.1 gm, 8.65 mmol) and 
the mixture was cooled to 0 °C. The reaction mixture was carefully treated with 1M BH 3 THF 
(4.3 ml, 4.3 mmol) causing vigorous evolution of hydrogen gas. Once addition was complete, 
the reaction mixture was stirred at 0 °C for one hour and was then treated with the 

25 tosylhydrazone (0.8 gm) prepared above and stirred for and additional hour at 0 °C. To this 
mixture was charged with tetrabutylammonium bromide (0.5 gm) and then it was warmed to 
room temperature. The reaction mixture was evaporated in vacuo and then resuspended in 
ethylene glycol (5 ml) and treated with potassium carbonate (0.4 gm, 2.88 mmol). The 
reaction mixture was heated to 110 °C for one hour and then cooled to room temperature. 

30 The mixture was diluted with water (50 ml) and extracted with dichloromethane. The organic 
phase was washed with brine, dried over Na 2 S0 4 and evaporated in vacuo to afford 330 mg 
of a residue that was purified by chromatography on silica gel eluting with dichloromethane to 
afford a clear oil (260 mg 48 %). 1 H NMR (CDCI 3t 400 MHz) 5 7.84 (d, 1H, J = 5 Hz), 6.56 (d, 
1H, J = 5Hz), 6.15 (dd, 1H, J = 6 Hz, J = 3 Hz), 5.82 (dd, 1H, J = 6 Hz, J = 3 Hz), 3.89 (s, 3H) t 

35 3.23 (t, 1H, J = 4 Hz), 2.99 (br.s, 1H), 2.67 (dd, 1H, J = 18 Hz, J = 5 Hz), 2.34 (d, 1H, J = 18 
Hz), 2.17 (dt, 1H, J = 10 Hz, J = 5 Hz), 1.78 (d, 1H, J = 10 Hz); APCI MS m/z 188 (M + 1) + . 
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Preparation of 6-Methoxv-5-aza-tricvclor7.2.1 .O^ldodeca-Zffl.S.S-triene-l 0,1 1 - 

djol 

To a flame dried round bottomed flask equipped with a magnetic stir bar and nitrogen 
inlet was added 6-methoxy-5-aza-tricyclo[7.2.1.0 2 ' 7 ]dodeca-2,4,6,10-tetraene (230 mg, 1.23 
5 mmol) as prepared above) in 10 ml of anhydrous dichloromethane. The solution was treated 
with trimethylamine A/oxide (150 mg, 1.35 mmof) followed Os0 4 (10 drops, 2.5 % in f- 
butanol. The reaction mixture was stirred at room temperature for 36 h and then added 
directly to a silica gel column and eluted with 98/2 dichloromethane/methanol. The desired 
diol was obtained and used in the following step (0.26 gm, 96 %). 1 H NMR (CDC! 3 , 400 MHz) 
10 5 7.85 (d, 1H, J = 6 Hz), 6.60 (d, 1 H, J = 6 Hz), 4.02 (m, 2H), 3.90 (s, 3H), 3.28 (d, 1H, J = 4 
Hz), 3.00 (m, 2H), 2.75 (dd, 1H, J = 18 Hz, J = 5 Hz), 2.53 (d, 1H, J=18 Hz), 2.45 (m, 1H), 
2.24 (dt, 1H, J = 12 Hz, J = 5 Hz), 1.52 (d, 1H, J = 12 Hz); 13 C NMR (CDCI 3 , 100 MHz) 5 
143.8, 117.0, 116.5, 112.0, 77.9, 77.6, 53.4, 48.5, 42.2, 30.4, 28.4 ppm; APCl MS m/z 222 (M 

15 Preparation of 6-Methoxv-5.11-diaza-tricvclor7.3.1 ■0 2f7 1trideca-2(7).3,5-triene 

To a 250 ml Parr bottle was added 6-methoxy-5-aza-tricycIo[7.2.1.0 2,7 ]dodeca- 
2(7),3,5-triene-1 0,11 -diol 250 mg (1.13 mmol) in of ethanol-water 3:1 (12 ml). The solution 
was treated with sodium periodate (240 mg, 1.13 mmol) in water (1 ml) and the mixture was 
stirred at room temperature for 2 h. A white precipitate was evident. The stir bar was removed 

20 and the reaction mixture is treated with of saturated aqueous ammonium hydroxide solution 
(10 ml), and Pearlman's catalyst (50 mg) placed under 45 psi hydrogen pressure for 16 h. 
The reaction mixture was vented and then filtered through Celite™. The filtrate was 
evaporated in vacuo. The residue was taken up in dichloromethane and washed with brine, 
dried over Na 2 S0 4 and evaporated in vacuo. The residue was purified by chromatography on 

25 silica gel eluting with 95/5 dichloromethane/methanol to afford the desired product as an oil 
(125 mg, 54%). 1 H NMR (CDCI 3 , 400 MHz) 5 7.88 (d, 1H, J = 5 Hz), 6.55 (d, 1H, J = 5 Hz), 
3.94 (s t 3H), 3.0 (dd, 1H, J = 14 Hz, J = 3 Hz), 2.96 (br.s, 2H), 2.80 (d, 1H, J = 7 Hz), 2.76 
(br.s, 2H), 2.56 (d, 1H, J = 19 Hz), 2.07 (br.s, 1H), 1.95 (d, 1H, J = 12 Hz), 1.82 (d, 1H, J = 12 
Hz). 13 C NMR (CDCI 3 , 100 MHz) 5 161.0, 150.0, 143.0, 121.2, 116.7, 53.9, 53.2, 51.9, 34.9, 

30 29.2, 28.7, 27.3; APCI MS m/z 205 (M + 1 ) + . 

Example 4 

Preparation of 1 1 -Af lvl-6-methoxv-1 1 -aza-tricvclor7.3.1 .0 2 ' 7 1trideca-2(7).3,5-trien- 

8-one 

6,7-Dihydroxy-1-methoxy-5,6,7,8-tetrahydro-5,8-methano-benzocyclohepten-9-one 
35 (2.80 g, 12 mmoi) was stirred at 0 °C in dichloromethane (15 mL) and treated with lead 
tetraacetate (Pb(OAc) 4 , 5.35 g, 12 mmoi). After 30 min. the mixture was filtered through a 
Celite™ pad and rinsed with dichloromethane (50 mL). To the stirred filtrate was added AcOH 
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with NaBH(OAc) 3 (7.70 g. 36 mmol) and start for 1 

s„o axdaofcd BOM a « <« «-* * ^ N aCI ao.o*n t» 

aqusoos N^O, sokflon (2 « =<= ""■). H,0 50 m ) ductography on 

mU, died «. MgSO,. ffltorad and oonoamrae* Ho -«*^ ^ (TLC 
s«ca gel alu»g with 5% EtOAoJhaxanaa provalad prodao, as I 

30% EtO/Whoxanss WW .^^y fffl-*"" 1 * 

Pre paration » f n-Allvl-6-hyaroxY a* 

8-one 

M para.ac and a*rao,sd - «• * • ^Zlr^ a oodon p,ag 

B , a, J - 0.0 Hz, 2H). 2.70 (dd. J - •* « * " J » £ (M) , 
,0.8. 2.4 Hz. 1H). 2.33 (m. 2H). ,.86 (dad. J - ,2.9, 55, M Ht. 

rr T ., ? „ -..THf ) .a.n«ultnnio aalrt IbsM ^ 

' ^ " 411 m mol)wa re s«aad indichl»con,amaaa(25mL)a,-78 C 
mmol and pyndros (326 mg. 4.1 m io i dropwiae 
u „da, N, and daaled «, — «iana aunon,o „ 1/2 , 
„ ver 1 m,n. H» mMura was anowad (o warn, «o *mt_ and me 
wen poonad ,n to 1H agaaaoa ~ " "Ihl onganlolaoan 

aguooos layar waa axa.o(ad w» d^lonomalhana ( X 30 ml > 

PrgBaratisn^ 11^ !Yb§^CQ - 11 1 *0*1—1-^ 

r o^»v Y lir - 3Cld mefhV ' CSter 27, 

2(7).3,S-man*»1 aa.ar (600 mg. 1.00 mmo4> was d,as*ad ,n mamano. (4 mU) and 
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(10 mL) under a N 2 atmosphere and treated with triethylamine (356 g ( 3.5 mmol), potassium 
acetate (16 mg, 0.16 mmol) and 1,3-bis(diphenyiphosphine)propane (66 mg, 0.16 mmol). This 
mixture was stirred and degassed (3 vacuum/N 2 purge cycles) and then treated with 
palladium acetate (36 mg, 0.16 mmol). The reaction vessel was flushed with carbon 
5 monoxide for 1 minute (bubbling through a needle) then placed under the balloon. After 10 
min. the mixture was warmed to 70 °C for 2 h, cooled and poured into saturated aqueous 
NaCI solution (50 mL). The resulting mixture was extracted with EtOAc (4 x 25 mL) and the 
combined organic layer was washed with H 2 0 (10 mL), saturated aqueous NaHC0 3 solution 
(10 mL) and saturated aqueous NaCI solution (10 mL), dried over MgS0 4 , filtered, 

1 0 concentrated and purified by chromatography on silica gel eluting with 50% EtOAc/hexanes to 
provide an oil (260 mg, 57%). (TLC 50% EtOAc/hexanes R f 0.30); 1 H NMR (400 MHz, CDCI 3 ) 
6 7.46 (d, J = 7.5 Hz, 1H), 7.28 (d, J = 7.5 Hz, 1H), 7.23 (dd, J = 7.5, 1.3 Hz, 1H). 5.47 (m, 
1H), 4.93 (m, 2H), 3.91 (s, 3H), 3.16 (dd, J = 8.9, 1.6 Hz, 1H), 3.11 (d, J = 1.9 Hz, 1H), 2.80 
(m, 3H), 2.65 (d, J = 1.7 Hz, 1H), 2.45 (dd, J = 11.0, 2.5 Hz, 1H), 2.31 (m, 2H), 1.88 (ddd, J = 

15 12.8, 5.5, 2.7 Hz, 1H); GCMS m/z 285 (Mf; IR (cm' 1 ) 2941, 2786, 1732, 1685, 1286, 1146, 
1142. 

Preparation of 




1 1 -AllyI~8-oxo-1 1 -aza-tricyclo[7.3. 1 .0 2,7 ]trideca-2(7),3,5-triene-6-carboxylic acid 
20 methyl ester (60 mg, 0.21 mmol) and hydrazine were dissolved in ethanol (10 mL) and stirred 
for 18 h. The reaction was concentrated and azeotroped from methanol (3 x 25 mL). (TLC 
35% EtOAc/hexanes R f 0.23); 'H NMR (400 MHz, CDCI 3 ) 5 8.21 (dd, J = 7.9, 1.1 Hz, 1H), 
7.63 (t, J = 7.9 Hz, 1H). 7.54 (d, J = 7.9 Hz, 1H), 3.18 (br s, 1H), 3.09 (br s, 1H), 3.01 (d, J = 
10.9 Hz, 1H), 2.78 (m, 1H), 2.42 (m, 2H). 2.14 - 1.97 (m, 4H), 1.11 (m, 2H), 0.40 (t, J = 7.5 
25 Hz, 3H); 13 C NMR (CDCI 3 , 100 MHz, free base) 5 161.3, 149.8, 142.2, 139.0, 138.7, 129.4, 
126.3, 124.1, 59.3, 59.0, 58.6, 36.2, 35.8, 31.9, 19.5, 11.2; APCI MS m/z 270.2 (M + 1)\ This 
material was converted to the HCI salt by dissolving in MeOH and treating with 3N HCI 
EtOAc, stripping and recrystallizing from MeOH/Et 2 0 to provide a crystalline solid (60 mg, 
93%). Mp 290- 292 °C. 
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Exam BiS 5a 
Pre paration of 




. . . tt o a n 2 ' 7 itrideca-2(7) f 3,5-triene-6'Carboxy)ic acid 
11-AI!yl-8-oxo-11-a2a-tricyclo[7.3.1.0 ]tndeca . Mnmnand 

warmed to 70 C tor i n. i ne Et OAc/dichloromethane to 

25 mL > •» ««d •«* . — o- <*» * "* ' MHz CDCW , 

•. mn 7fi%^ (TLC 40% EtOAc/hexanes R f 0.27), H NMR (4UU iwnz. 
provide an o.l (45 mg. 76%). (TLC 40% 7 49 (d , j = 7.3 Hz, 1H), 5.39 (m. 

1H), 2.80 (m, 3H) f 2.43 (m. 2H), 2.04 (m, 2H). 

Exam ple 5b 

Preparation of 




15 



20 



25 



, ; n ROH/H 0 (95/5 10 mL) in a flask equipped with an equalizing add-on funnel, a 
dissolved m EtOH/H 2 0 (95/5, my ^ me 

(6 mg, 0.0064 mmo ) ^ tQ rep|ace the 

achieve a gentle d.st.llat.on. EtOH/H 2 0 was a (2Q 0 .022 mmol) was 

AftAr j c m i had collected, additional RhCI(l-vn3)3 ^ u lu v> w 

was evaporated and the product wa p Et0AcAl exanes R f 0.23); 

35% EtOAc/hexanes to provide a solid. Mp 320-322 C, (ILU ,_ 7Cj7 3 Hz1 H) 

SKSwwssssKpii 

ImH). 2.69 (d, J = 12.2 Hz. 1 H). 225 (m. 3H); APC, MS IWZ 242.2 (M + 1) ■ 
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Example 6 

Preparation of 1 1 -AIIyl-6-hvdroxvmethvM 1 -aza-tricyclor7 .3.1 .02,71trideca-2,4 1 6- 
trien-8-ol 

1 1 -Allyl-8-oxo-1 1-aza-tricyclo[7.3.1 .0* 7 ]trideca-2(7),3,5-triene-6-carboxylrc acid 
5 methyl ester (109 mg, 0.40 mmol) was stirred in ethanol (10 mL) and treated with NaBH 4 (15 
mg, 0.40 mmol). After 18 h, the reaction mixture was concentrated and treated with 1N HCI 
(50 mL) with stirring. After 30 min., the aqueous layer was extracted with Et 2 0 (3 x 50 mL), 
basified with saturated aqueous Na 2 C0 3 solution and extracted with EtOAc (3 x 50mL). The 
organic layer was washed with saturated aqueous NaHC0 3 solution (2 x 50 mL) and 
10 saturated aqueous NaCI solution, dried over MgS0 4 , filtered and concentrated to give an oil 
(90 mg, 90%). (TLC 35% EtOAc/hexanes R* 0.23); 1 H NMR (400 MHz, CDCI 3 ) 5 7.27 (dd, J = 
7.5, 1.5 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 7.01 (dd, J = 7.5, 1.5 Hz, 1H), 5.62 (m, 1H), 5.27 (t, 
J = 4.0 Hz, 1H), 5.05 (m, 1H), 4.88 (d, J = 12.1 Hz, 1H), 4.41 (d, J = 12.1 Hz, 1H), 4.27 (OH), 
3.72 (OH), 3.31 (ddd, J = 12.4, 2.5, 1.7 Hz, 1H), 2.85 (m, 3H), 2.52 (m, 1H), 2.38 (m, 1H), 
15 2.05 (dd, J = 11.4, 1.7 Hz, 1H), 1.80 (m, 2H); 13 C NMR (100 MHz, CDCI 3 ) 5 143.2, 140.3, 
139.1, 134.9, 128.9, 127.7, 127.2, 118.5, 68.7, 64.0, 61.5, 59.9, 55.1, 36.3, 33.3, 32.1; IR (crrf 
1 ) 3376, 3071, 2920, 2788, 1642, 1468, 1051, 796; APCI MS m/z 260.2 (M + 1) + . 

Preparation of 1 1 -AHvl-8-oxo-1 1 -aza-tricvclor7.3.1 .02,7Tt rideca-2.4.6-triene-6- 

carbaldehvde 

20 1 1 -AllyI-6-hydroxymethyM 1 -aza-tricyclo[7.3.1 .O^ltrideca^Ae-trien-S-ol (93 mg, 

0.36 mmol) was dissolved dichloromethane (8 mL) and treated with N-methylmorpholine N- 
oxide monohydrate (73 mg, 0.54 mmol), powdered 4A molecular sieves (180 mg) and TPAP 
(TETRAPROPYLAMMONIUM PERRUTHENATE) 6.0 mg, 0.02 mmol). After 18 h, the 
mixture was stripped, dissolved in EtOAc and filtered through a silica gel pad. The organic 

25 layer was washed with H 2 0 (2 x 30 mL), saturated aqueous NaCI solution (30 mL), dried over 
MgS0 4 , filtered and concentrated to give an oil (75 mg, 81%). (TLC 30% EtOAc/hexanes R f 
0.70); 1 H NMR (400 MHz, CDCI 3 ) 8 10.62 (s, 1H), 7.62 (dd, J = 7.9, 1.4 Hz, 1H), 7.54 (dd, J = 
7.9, 7.3 Hz, 1H), 7.43 (d, J = 7.3 Hz, 1H), 5.46 (m, 1H), 4.93 (m, 2H), 3.19 (m, 2H), 2.82 (m, 
3H), 2.73 (br s, 1H), 2.48 (dd, J = 10.9, 2.4 Hz, 1H), 2.35 (m, 2H), 1.96 (ddd, J = 12.8, 5.4, 2.7 

30 Hz, 1H); 13 C NMR (CDCI 3 , 100 MHz, free base) 6 202.1, 194.5, 148.3, 138.0, 134.6, 134.0, 
132.9, 131.6, 126.2, 117.3, 60.8, 57.8, 57.2, 44.1, 36.6, 32.0. 
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Preparation of 




11-Aliyl-8-oxo-1 1-aza-tricyclo[7.3.1.0* 7 ]tr ideca - 2 .4,6-triene-6-carbaldehyde (75 mg, 
0.29 mmol) was stirred in EtOH (5 mL) and treated with hydrazine (9.0 mg, 0.29 mmol). After 
5 18 h f the reaction mixture was concentrated, treated with H 2 0 (50 mL) and extracted with 
dichloromethane (3 x 100 mL). The organic layer was dried through a cotton plug and 
concentrated to an oil (40 mg, 55%). (TLC 30% EtOAc/hexanes R f 0.14); 1 H NMR (400 MHz, 
CDCI 3 ) 6 9.37(s, 1H), 7.73 (m, 2H), 7.58 (dd, J = 6.5, 1.2 Hz, 1H), 5.28 (m, 1H), 4.81 (dd, J = 
10.1, 1.2 Hz, 1H), 4.72 (dddd, J = 17.2, 5.0, 3,2, 1.5 Hz, 1H), 3.54 (brs, 1H), 3.29 (brs, 1H), 
10 3.13 (br d, J = 10.8 Hz, 1H), 2.84 (br d, J = 10.8 Hz, 1H), 2.75 (m, 2H), 2.55 (dd, J = 10.8, 2.3 
Hz, 1H), 2.49 (dd, J 10.8, 2.2 Hz, 1H), 2.16 (AB m, 2H); APCI MS m/z 252.2 (M + 1) + . A 
sample was dissolved in MeOH and treated with 3N HCl EtOAc, concentrated to give the HCI 
salt, mp 233- 234 °C. 

Example 7 

15 Preparation of 1 1 -Allvl-6-hvdroxv-1 1 -aza-tricvclof7.3.1 .O^ltrideca^ffl^S-trien- 

8-0I 

11-AIJyl-6-hydroxy-11-aza4ricyd^ (420 mg, 1.72 

mmo!) was stirred in EtOH (10 mL) and treated with NaBH 4 (65 mg, 1.73 mmol). After 18 h, 
the reaction mixture was concentrated and treated with 1 N HCI (50 mL) with stirring. After 30 

20 min., the aqueous layer was extracted with Et 2 0 (3 x 50 mL), basified with saturated aqueous 
Na 2 C0 3 solution and extracted with EtOAc (3 x 50 mL). The organic layer was washed with 
saturated aqueous NaHC0 3 solution (2 x 50 mL) and saturated aqueous NaCI solution, dried 
over MgS0 4 , filtered and concentrated to give of an oil (350 mg, 1.42 mmol, TLC 30% 
EtOAc/hexanes Rf 0.34). 

25 Preparation of 
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11-AHyl^hydroxy-11-aza4ricyclo[7.3.^^ (350 mg, 1.42 

mmol) was dissolved in CH 3 CN (10 mL) and treated with H2SO4 (0.3 mL), stirred for 18 h, 
stripped of solvent then shaken in saturated aqueous Na 2 C0 3 solution (50 mL). This aqueous 
layer was extracted with EtOAc (3 x 40 mL) and the organic layer was washed with saturated 
5 aqueous NaCl solution (30 mL), dried over MgS0 4 , filtered and concentrated to an oil. This 
materia! was purified on silica gel eluting with 50% dichloromethane/hexanes to provide 200 
mg of a solid that was recrystallized from ether/hexanes to give crystaline solid (150 mg, 
40%). Mp 208 - 209 °C; (TLC 30% EtOAc/hexanes R f 0.50); 1 H NMR (400 MHz, CDCI 3 ) 5 
6.99 (dd, J = 8.1, 7.5 Hz, 1H), 6.62 (dd, J = 8.1, 1.0 Hz, 1H), 6.56 (d f J = 7.5 Hz, 1H), 5.58 (m, 
10 1H), 4.90 (m, 2H), 3.28 (br s, 1H), 3.10 (d, J = 10.8 Hz, 1H), 2.84 (br s, 1H), 2.80 (m, 2H), 
2.73 (br d, J = 10.8 Hz, 1H), 2.22 (m, 2H), 2.05 (m, TH), 1.88 (s, 3H), 1.65 (d, J = 12.3 Hz, 
1H). 

Example 8 

Preparation of 1 1 -Allvl-6-hvdroxv-1 1 -aza-trfcvcloF7.3.1 .0 2 ' 7 1trideca-2 A6-trien-8- 
15 one oxime 

11_AllyI-6-methoxy-11-aza^ ( 243 m 9» 10 

mmol), hydroxyiamine hydrochloride (80 mg, 1.15 mmol) an barium carbonate (227 mg, 1.15 
mmol) were stirred and warmed to reflux in methanol (10 mL) for 18 h. Additional 
hydroxyiamine hydrochloride (30 mg, 0.43 mmol) an barium carbonate (70 mg, 0.35 mmol) 

20 were introduced and heating continued for 2 h. The mixture was cooled to ambient 
temperature and filtered through Celite™, rinsed with methanol, concentrated and the residue 
dissolved in dichloromethane (30 mL), H 2 0 (30 mL) and saturated aqueous NaHC0 3 solution 
(-30 mL) to achieve pH 8.5. The layers were separated and the aqueous layer was extracted 
with dichloromethane (2 x 30 mL), dried through a cotton plug and concentrated to an oily 

25 solid (275 mg). This material was triturated with stirring for in dichloromethane (20 mL) for 60 
h and the resulting orange solid filtered (100 mg, 39%). (TLC 20% EtOAc/Hex R f 0.28); 1 H 
NMR (400 MHz, CDCI 3 ) 5 8.10 (br s, OH), ), 7.11 (dd, J = 8.3, 7.5 Hz, 1H), 6.76 (dd, J = 8.3, 
0.8 Hz, 1H), 6.64 (dd, J = 7.5, 0.8 Hz, 1H), 5.63 (m, 1H), 5.02 (m, 2H), 3.61 (br s, 3H), 3.24 
(d, J = 10.8 Hz, 1H), 2.97 (br s, 3H), 2.94 - 2.85 (m, 2H), 2.35 (dd, J = 10.8, 2.4 Hz, 1H), 

30 2.24 (dd, J = 10.8, 2.4 Hz, 1H), 1.96 (dd, J = 12.5, 1.5 Hz, 1H), 1.74 (ddd, J = 12.5, 5.6, 2.7 
Hz,1H). 



Preparation of 
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11-A)lyl-6-hydroxy-11-aza4ricyc!o[7.3.1.02,^ oxime (100 mg, 

0.39 mmol) and triethylamine (53 mg, 0.52 mmoi) were dissolved in dichloromethane (5 mL) 
and treated with acetic anhydride (48 mg, 0.47 mmol). After stirring 3 h, the mixture was 
concentrated and dissolved in DMF (3 mL) then treated with NaH (60% in oil, -100 mg, 2.5 
5 mmol) under nitrogen (intermediate acetate TLC 5% EtOAc/dichloromethane Rf 0.33). The 
foamy yellow mixture was stirred for 18 h, cooled and poured into 50% saturated aqueous 
NaCI solution (25 mL). The resulting mixture was extracted with 50% EtOAc/hexanes (4 x 25 
mL) and the combined organic layer was washed with water (H 2 0) (10 mL), saturated 
aqueous NaHC0 3 solution (10 mL) and saturated aqueous NaCI solution (10 mL), dried over 

10 Na2S0 4 , filtered, concentrated and purified by chromatography on silica gel eluting with 2% 
EtOAc/dichloromethane to provide an oil (71 mg, 76%). (TLC 5% EtOAc/dichloromethane R f 
0.48); 1 H NMR (400 MHz, CDCI 3 ) 6 7.43 (dd, J = 8.3, 7.5 Hz, 1H), 7.28 (dd, J = 8.3 Hz, 1H), 
6.99 (d, J = 7.5 Hz, 1H), 5.38 (m, 1H), 4.88 (d, J = 10.2 Hz, 1H), 4.79 (d, J = 17.2 Hz, 1H), 
3.45 (t, J = 10.2 Hz, 1H), 3.18 (t, J = 10.2 Hz, 1H), 3.08 (d, J = 11.0 Hz, 1H), 2.81 (m, 3H), 

1 5 2.49 (m, 2H), 2.08 (AB m, 2H); GCMS m/z 240 (M)*. A sample of this material was dissolved 
in a minimum of methanol then treated with 3N HCI EtOAc and concentrated to an oil which 
was dissolved in a minimum of EtOAc then treated with hexanes until cloudy and allowed to 
stir for 1 8 h. Product was collected by filtration. Mp = 205 - 206 °C. 

20 Example 9 

Preparation of 9-Benzvl-9-aza-tricvclor5.3.1.0 2 ' 6 1undec-3-ene 

(Based on Abdel-Magid, A. F.; Carson, K. G.; Harris, B. D.; Maryanoff, C. A.; Shah, 
R. D. J. Org. Chem. 1996, 61, 3849; and Mazzocchi, P. H.; Stahly, B. C. J. Med. Chem. 1979, 
22, 455.) 

25 3a,4,5,6,7,7a-Hexahydro-1 H-4,7-methano-indene-5,6-diol (1 5.7 g, 96 mmol, prepared 

as described by Freeman, F.; Kappos, J. C. J. Org. Chem. 1989, 54] 2730-2734) was stirred 
in H 2 0 (240 mL) and 1,2-dichloroethane (DCE) (80 mL) under nitrogen with a cool water bath 
(-10 °C). To this sodium periodate (Nal0 4 ) (21.4 g, 100 mmol) and triethylbenzyl ammonium 
chloride (Et 3 BnNCI) (50 mg) were added. The resulting mixture was stirred for 1 h (slight initial 

30 exotherm), then the layers were separated and the aqueous layer extracted with DCE (3 x 50 
mL). The organic layer was washed with H 2 0 (5 x 50 mL, or until no reaction to starch iodide 
is observed in the aqueous wash) then dried through a cotton plug. To this solution was 
added benzyl amine (11 mL, 100 mmol) and the mixture was stirred for 2 min. then 
immediately transferred into a slurried mixture of sodium triacetoxyborohydride NaBH(OAc) 3 

35 (64.9 g, 0.306 mmol) in DCE (100 mL) stirred at 0 °C (ice bath) in a separate flask over 40 
min. The resulting orange mixture was allowed to warm to room temperature and stirred for 
75 min. 
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The reaction was carefully quenched by addition of saturated aqueous Na 2 C0 3 
solution (-100 mL) and the mixture was stirred for 1 h (pH 9). The layers were separated and 
the aqueous layer was extracted with dichloromethane (2 x 100 mL). The organic layer was 
washed with saturated aqueous NaCI solution (80 mL) and dried through a cotton plug. To 
5 this solution was added EtOAc (to make a -10% solution) then the solution was filtered 
through a silica pad. Further elution with fresh 10% EtOAc/dichloromethane provided a 
solution of product free of baseline material. Evaporation gave an oily product (14.9 g, 66%). 
(TLC 10% EtOAc/dichloromethane R f 0.30); 1 H NMR (400 MHz, CDCI 3 ) 8 7.39-7.30 (m,.5H), 
5.96 (dd, J = 5.6 Hz, 2.1 Hz, 1H), 5.67 (dd, J = 5.6, 2.3 Hz, 1H), 3.42 (AB q, AAB = 43.2 Hz, J 

10 = 12.9 Hz, 2H), 3.28 (m, 1H), 2.78 (br d, J = 12.4 Hz, 1H), 2.87 (m, 1H), 2.77 (br d, J = 10.1 
Hz, 1H), 2.46 (m, 1H), 2.37-2.14 (m, 5H), 1.82 (br d, J = 10.8 Hz, 1H), 1.57 (d, J - 10.8 Hz, 
1H); APCI MS mfz 240.3 (M + 1) + ; Anal. Calcd. for C 17 H 21 N: C, 85.30; H, 8.84; N, 5.85; Found 
C, 84.74; H, 8.52; N, 6.17; Calcd. for C 17 H 21 N-1/8H 2 0 C, 84.51; H, 8.87; N, 5.80. 
(Alternatively, dicyclopentadiene may be converted directly to the dialdehyde that is produced 

15 above, then converted as described to give the title compound. For methods see Chem. Lett, 
1979,443-446.) 

Preparation of 9-Benzvf-9-aza-tricyctof5.3.1 .0 2,6 lundecane-3,4-diol 

9-Benzyl-9-aza-tricyclo[5.3.1.0 2,6 ]undec-3-ene (6.7 g, 28 mmol) and N-methyl 
20 morpholine N-oxide (3.45 g, 29.5 mmol) were stirred in acetone (50 mL) and H 2 0 (2 mL). To 
this was added osmium tetroxide (Os0 4 , 1 mL of a 15moi% f-butanol solution) and the 
mixture was stirred vigorously. After 7 h, the yellow solution was treated with a slurry of florisil 
in H 2 0 (5 g in 4 mL) and NaHS0 3 (2 g). After 1 h, the slurry was filtered through a Celite™ 
pad and concentrated. The residue was azeotropically dried by the addition of methanol and 
25 concentration in vacuo twice, the second time with silica gel, and the residue dry packed on 
silica gel (3x5 inch) and eluted with 50% EtOAc/hexane to generate pure product as an oil 
that crystallizes on standing (6.2 g, 80%). (TLC EtOAc R f 0.66); 1 H NMR (400 MHz, CDCI 3 ) 5 
7.30 - 7.20 (m, 3H), 7.16 (d, J = 6.8 Hz, 2H), 4.38 (m, 2H), 3.34 (AB q, AAB = 26.5, J = 12.6 
Hz, 2H), 2.83 - 2.73 (m, 2H), 2.65 (d, J = 10.9 Hz, 1H), 2.43 (s, 1H), 2.37 (s, 1H), 2.22 (dd, J = 
30 11.3, 1.3 Hz, 1H), 2.13 (dd, J = 10.9, 1.5 Hz, 1H), 2.01 (d, J = 6.2 Hz, 1H), 1.97 - 1.87 (m, 
2H), 1.75 (m, 1H), 1.57 (m, 1H); 13 C NMR (100 MHz, CDCI 3 ) 5 139.4, 129.2, 128.1, 127.1, 
80.3, 73.7, 63.1, 56.0, 55.4, 51.9, 43.3, 42.3, 35.2, 34.1, 30.6; GCMS m/z 273 (M)\ 256 (M - 
OH) + . 

Preparation of 10-Benzvl-4.10-diaza"tncvclor6.3.1.0 2,7 1dodeca-2(7),3,5-triene 

35 g-Benzyl^-aza-tricyclofS.S.I.O^undecane-S^-diol (6.0 g, 22 mmol) was stirred in 

dioxane (50 mL) and treated with an aqueous solution of Nal0 4 (5.0 g, 23.4 mmol in 50 mL). 
A thick slurry forms and H 2 0 (50 mL) is added to aid stirring. After 30 min., dialdehyde has 
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formed completely (TLC EtOAc R, 0.09) and the mixture is diluted with H 2 0 (150 mL) and 
saturated aqueous Na 2 C0 3 solution (50 mL). Dialdehyde was extracted with EtOAc (2 x 150 
mL) and the organic layer was washed with H 2 0 (150 mL) and saturated aqueous NaCI 
solution (50 mL). After drying over Na 2 S0 4 the product was isolated by filtration and 
5 concentration to provide an orange oil (6.14 g). 

The above oil was stirred in methanol (75 mL) and H 2 0 (75 mL) and treated with 
H 2 NOCH 3 HCI (7.34 g, 87.9 mmol) and NaOAc (12.62 g, 154 mmol). The mixture was shaken 
and warmed on a steam bath until the cloudy mixture clears (-15 min.). This solution was 
stirred at ambient temperature 18 h. An oily residue had separated and after dilution with 

10 saturated aqueous Na 2 C0 3 solution (100 mL) was extracted with EtOAc (3 x 50 mL). The 
organic layer was washed with saturated aqueous NaCI solution (50 mL), dried over Na 2 S0 4 , 
filtered and concentrated to give an oil (5.0 g, 69%), which was carried on in the next step. 
(TLC 15% EtOAc/hexane R f 0.50 and 0.35). 

The above oil was dissolved in dichloroethane (150 mL) and trifluoroacetic acid (17 

15 mL). After stirring 20 min. under nitrogen the mixture becomes light orange and was then 
warmed at reflux for 2 h. The resulting brown solution was stripped to an oil, dissolved in 
EtOAc (100 mL) and treated with saturated aqueous Na 2 C0 3 solution (70 mL) causing the 
mixture to become light orange. The layers were separated and the organic layer washed with 
saturated aqueous NaCI solution (50 mL). After back extraction of the aqueous layer with 

20 EtOAc (3 x 30 mL) the organic layer was dried over Na 2 S0 4 , filtered and concentrated to an 
oil (4.0 g) which was purified on silica gel eluting with EtOAc to provide the title compound as 
an oil (1.94 g, 51%). (TLC 1% NH 4 OH/ 7% MeOH/dichloromethane R f 0.75) (TLC EtOAc, R, 
0.27); 1 H NMR (400 MHz, CDCI 3 ) 5 8.44 (d, J = 4.7 Hz, 1H) f 8.35 (s, 1H), 7.25 - 7.07 (m, 4H), 
6.85 (d, J = 7.0 Hz, 2H), 3.45 (s, 2H), 3.14 (br s, 1H), 3.07 (br s, 1H), 2.79 (d, J = 10.0 Hz, 

25 2H), 2.41 (d, J = 10.0 Hz, 2H), 2.21 (m, 1H) t 1.69 (d, J = 10.6 Hz, 1H); 13 C NMR (CDCI 3 , 100 
MHz) 5 155.6, 148.0, 142.0, 138.5, 128,1, 127.9, 126.6, 117.3, 61.2, 55.9, 55.6, 43.6, 41.0, 
38.9; GCMS/n/z250 (M) + . 

Preparation of 4,10-diaza-tricvclor6.3.1.0 2,7 1dodeca-2f7),3 < 5-triene 
dihvdrochloride 

30 10-BenzyK10-diaza-tr^ (900 mg, 3.6 mmol) 

and HC0 2 NH 4 (4 g) were dissolved in methanol (35 mL) and treated with Pd(OH) 2 /C (10wt%, 
200 mg). The mixture was stirred and warmed to reflux for 2 h, cooled, filtered through 
Celite™ and rinsed with methanol. The filtrate was stripped, slurried In dichloromethane and 
filtered through a fritted-glass filter. The filtrate was concentrated and azeotroped from 

35 methanol (2 x 50 mL). A sample of this materia/ was isolate and found to melt at 104 - 105 
°C. The material was dissolved in methanol and treated with 3N HCI/EtOAc. This was 
concentrated and azeotroped from methanol (2 x 50 mL). This residue was dissolved in a 
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minimum of methanol then Et 2 0 until cloudy and allowed to stir for 60 h. Product was 
collected by filtration (370 mg, 52%). (TLC 1% NH 4 OH/7% MeOH/dichloromethane Rf 0.18); 
1 H NMR (400 MHz, CDCI 3 ) 5 8.88 (s, 1H), 8.83 (d, J = 5.9 Hz, 1H), 8.16 (d, J = 5.9 Hz, 1H), 
3.75 (m, 2H), 3.60 (m, 2H), 3.40 (d, J = 12.4 Hz, 2H), 2.57 (m, 1H), 2.34 (d, J = 12.0 Hz, 1H); 
5 13 C NMR (100 MHz, CDCI 3 , free base) 8 151.4, 149.5, 144.5, 137.7, 119.7, 45.8. 45.2, 41.0, 

38.4, 36.4; GCMS m/z 160 (M)*; Anal. Calcd. for C 10 H 12 N 2 -2HCI: C, 51.52; H, 6.05; N, 12.02; 
Found C, 51.35; H, 6.05; N, 12.05. 

Example 10 

Preparation of 6-Methoxv-5,1 1 -diaza-trf cvclof 7.3.1 .0 2 ' 7 1trideca-2(7),3.5-triene-1 1 - 
10 carfaoxvlic acid tert-butyl ester 

To a round bottomed flask fitted with nitrogen inlet and stir bar was added 6-methoxy- 
5,11-diaza-tricycio[7.3.1.0 2J ]trideca-2(7) > 3,5-triene (100 mg, 0.49 mmol) from above, di-tert- 
butyl dicarbonate (120 mg, 0.54 mmol) NaHC0 3 (62 mg, 0.74 mmol) in 5 ml dichloromethane 
and water (1 ml). The reaction mixture was stirred vigorously under reflux for one hour. The 

15 reaction mixture was cooled to room temperature and then the layers were separated. The 
organic phase was partitioned between dichloromethane and brine and then dried over 
Na 2 S0 4 and evaporated in vacuo to afford product (142 mg, 96 %). 1 H NMR (CDCI 3l 400 
MHz, ambient temperature) 5 7.84 (d, 1H, J = 5 Hz), 6.61 (broadening due to slow rotation d, 
1H, J = 5 Hz), 4.27 (d, 1H, J = 13 Hz), 4.07 (t, 1H), 3.84 (broadening due to slow rotation s, 

20 3H), 3.05 (br.t, 1H), 2.90 (br.t. 1H), 2.80 (br.s, 1H), 2.70 (m, 1H), 2.20 (m, 1H) f 1.85 (m, 2H), 
1.10 (broadening due to slow rotation s, 9H); 13 C NMR (CDCI 3 , 100 MHz) 5 148.8, 147.0, 
143.0, 142.4, 117.0, 116.7, 85.0, 53.1, 51.4, 50.3, 50.1, 49.1, 34.3, 29.3, 28.0, 27.8, 27.7, 

27.5, 27.4, 27.3; APCI MS m/z 305 (M + 1) + . 

Preparation of 5-Methyf-6>oxo-5 t 11-diaza"tricvclor7.3.1.0 2,7 Urideca-2(7K3-diene- 

25 11-carboxvlic acid tert-butvlester 

To a thick wall Wheaton vial was added 6-methoxy-5,11-diaza- 
tricyclo[7.3.1.0 2,7 ]trideca-2(7),3,5-triene-11-carboxylic acid tert-butyl ester (40 mg, 0.13 mmol 
and of methyl iodide (5 ml). The reaction mixture was heated in an oil bath at 130 °C for 4 h. 
The reaction mixture was cooled to room temperature and evaporated in vacuo. The residue 

30 was purified by chromatography on silica eluting with 98/2 dichloromethane/methanol to 
afford the desired product (22 mg, 56 %). 1 H NMR (CDCI 3 , 400 MHz, ambient temperature) 5 
7.05 (d, 1H, J = 7 Hz), 5.95 (broadening due to slow rotation, d, 1 H, J = 7 Hz), 4.09 (m, 1H), 
3.45 (broadening due to slow rotation, s, 3H), 3.0 (m, 1H), 2.9 (m, 1H), 2.65 (m, 3H), 2.15 (m, 
1H), 1.8 (m, 2H), 1.2 (broadening due to slow rotation, s, 9H); 13 C NMR (CDCI 3 , 100 MHz) 5 

35 1 34.0, 1 07.0, 51 .4, 50.0, 49.0, 47.9, 37.0, 34.6, 29.2, 27.9, 27.2; APCI MS m/z 305 (M + 1 ) + . 
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Preparation of 5-Methvl-5.1 1 -dlaza-tricvclor7.3.1 .0 2 ' 7 ltrideca-2(71.3-dien-6-one 

To 5-methyl-6-oxo-5J1-diaza-tricyclo[7.3.1.0 2,7 )trideca-2{7 
acid teri-buty\ester (22 mg, 0.07 mmoJ) (prepared above) was added anhydrous 3N HCI in 
ethyl acetate and the solution was stirred at room temperature for 16 h. The reaction mixture 
5 was evaporated in vacuo and the resulting white solid was recrystallized from methanol-ether 
to afford the desired product (9 mg, 64 %). 1 H NMR (CD 3 OD, 400 MHz) 5 7.53 (d, 1H, J = 7 
Hz), 6.25 (d, 1H, J = 7 Hz), 3.54 (s, 3H), 3.3 (obsc. M, 4H), 3.08 (br.s, 1H), 2.85 (dd, 1H, J = 
19 Hz, J = 7 Hz), 2.65 (d, 1H, J = 19 Hz), 2.55 (br.s, 1H), 2.08 (d, 1H, J = 13 Hz), 1.89 (d, 1H, 
J = 13 Hz); APCI MS m/z 205 (M + 1) + . 

10 Example 11 

Preparation of 5,1 1 -Diaza-tricvclor7.3.1 .O^Itrideca^m.S-dien-S-one 
To a flame dried round bottomed flask fitted with nitrogen inlet, stir bar and reflux 
condenser was added 6-methoxy-5,1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3,5-triene-1 1- 
carboxylic acid tert-butyi ester (73 mg, 0.24 mmol) (prepared above) in dichloroethane (5 ml). 

15 The reaction mixture was treated with trirnethylsilyliodide (206 uL, 1.44 mmol) and then 
heated under reflux for 2 h. After cooling to room temperature, the solution was evaporated in 
vacuo and replaced with methanol. This solution was heated under reflux for 2 h before 
cooling to room temperature and evaporation in vacuo. The residue was washed with ether 
and the ether phase was decanted. The oily residue was taken up in methanol and dried over 

20 Na 2 S0 4 and then evaporated in vacuo to afford a yellow oil (35 mg, 78 %). The oil was taken 
up in methanol and treated with HCI gas followed by precipitation with ether to afford HCI salt. 
(6 mg). 1 H NMR (CD 3 OD, 400 MHz) 5 7.56 (d, 1H, J = 6 Hz), 6.66 (d, 1H, J = 6 Hz), 3.3 (obsc. 
M, 5H), 2.94 (dd, 1H, J = 19 Hz, J = 7 Hz), 2.72 (d, 1H, J = 19 Hz), 2.60 (br.s, 1H), 2.15 (d, 
1H, J = 13 Hz), 1.95 (d, 1H, J = 13 Hz); APCI MS m/z 191 (M + 1) + . 

25 Example 12 

Preparation of Acetic acid bicvclor2.2.nhept-5-en-2-vl ester 
To a solution of bicyclo[2.2.1]hept-5-en-2-oI (25 g) in 200 mL of anhydrous 
dichloromethane is added triethylamine (30 mL) and 4-A/,/V-dimethyiaminopyridine (30 mg). 
With stirring at room temperature and under an inert atmosphere, of acetic anhydride (35 mL) 

30 was added neat and dropwise to the above reaction mixture while maintaining the reaction at 
room temperature over 1.5 h. Upon complete addition of the anhydride the reaction is left for 
3 h, the solvents were stripped and the crude mixture was purified by silica gel 
chromatography eluting with 25% ethyl acetate/hexanes to afford the title compound in a 
quantitative yield. 1 H NMR (CDCI 3 , 400 MHz) 5 6.21 (m, 1H), 5.83 (m, 1H), 5.18 (m, 1H), 3.12 

35 (d, 1H), 2.72 (d, 1H), 2.16 (s, 3H), 2.00 (m, 1H), 1.35 (m, 1H), 1.21 (m, 1H), 0.83 (m, 1H), 
APCI MS m/z 153.2 (M + H) + . 



WO 2005/007655 



PCT/TB2004/002261 



-54- 



Preparation of Acetic acid 5,6-dihvdroxv-bicyclor2.2.11hept-2-vl ester 

To a solution of acetic acid bicyclo[2.2.1]hept-5-en-2-yl ester (10 mmo!) and Af-methyl 
morpholine N -oxide (22 mmol) in acetone (50 mL) and water (5 mL) was added osmium 
tetroxide (1.2 mL 2.5% by weight solution in f-butanol). The reaction mixture is allowed to stir 
5 at room temperature for 18 h and the acetone was stripped. Ethyl acetate (50 mL) and 
saturated sodium bicarbonate solution (50 ml) were added. The aqueous layer was extracted 
with ethyl acetate (4 x 50 mL). The combined organic extracts were washed with 1 N aqueous 
HCI solution (2 x 50 mL) and the organic layer was dried over MgS0 4l filtered and 
concentrated to afford a yellow oil (8.3 mmol). 1 H NMR (CDCI 3 , 400 MHz) 6 4.82 (m, 1H), 4.18 

10 (m, 1H), 3.80 - 3.55 (br s, 3H), 2.40 (m, 2H), 2.00 (s, 3H), 1.80 (s f 1H), 1.19 (s,-2H), 0.80 (m, 
1 H); APCl MS m/z 1 87.3 (M + H)*. 

Preparation of Acetic acid 3-benzvl-3-aza-blcvclor3.2.1loct-6-vl ester 
To a 0 °C solution of acetic acid 5,6-dihydroxy-bicyclo[2.2.1]hept-2-yl ester (8.3 mmol) 
in anhydrous dichloromethane (30 mL) and water (0.4 mL) was added solid Nal0 4 (10.8 

15 mmol) portionwise so as not to allow the reaction to achieve room temperature. After 
complete addition and 4 h of vigorous stirring the reaction mixture is allowed to warm to room 
temperature and stir overnight. The react'on mixture was filtered through a pad of Celite™ 
and the salts were washed with an additional dichloromethane (80 mL). The filtrate was used 
in the next step without further purification. 

20 To the above solution of acetic acid 2,4-diformyl-cyclopentyl ester was added at room 

temperature benzyl amine (5.8 mmol) and acetic acid (5.8 mmol) under nitrogen. After 2 h at 
room temperature sodium triacetoxy borohydride (25 mmol) was added and the reaction 
mixture was allowed to stir at room temperature for 18 h. The reaction mixture was quenched 
by the addition of saturated sodium bicarbonate solution (100 mL) and the phases were 

25 separated. The aqueous layer was extracted with dichloromethane (3 x 100 mL). The 
solvents were removed via rotary evaporation and the residue was purified by silica gel 
chromatography to afford a yellow oil (3.6 mmol). 1 H NMR (CDCl 3 , 400 MHz): 5 7.37 (m, 2H), 
7.23 (m, 3H), 5.15-4.95 (m, 1H), 3.63-3.35 (m, 2H) ( 2.84-2.55 (m, 2H), 2.25- 2.15 (m, 4H), 
2.08 (s, 3H), 1.80-1.70 (m, 2H), 1.62-1.25 (m, 2H); APCl MS m/z 260.2 (M + H) + . 

30 Preparation of 3-Benzvl-3-aza-blcvclof3.2.11octan-6ol 

To a solution of acetic acid 3-benzyl-3-aza-bicycio[3.2.1]oct-6-yi ester (8 mmol) in 
methanol (50 mL) and water (20 mL) was added potassium hydroxide (32 mmol). Reaction 
was stirred 18 h at room temperature. The methanol was removed in vacuo and product was 
extracted with aqueous dichloromethane (4x 50 mL). The organic extracts were dried over 

35 MgS0 4 , filtered and stripped to provide a quantitative yield of an oil. APCl MS m/z 218.2 (M + 
H) + . 
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Preparation of 3-Benzvl-3-aza-bicvc(or3.2.1loctan-6-one 

A solution of 3-benzyl-3-aza-bicyclo[3.2.1]octan-6-ol (8 mmol) in anhydrous 
dichloromethane at 0 °C under nitrogen was treated with of /V-methyl morpholine N-oxide (12 
mmol), 1 weight equivalent of oven dried 4 angstrom sieves and TPAP (tetrapropylammonium 
5 perruthenate) (0.2 mmol). The reaction mixture was stirred for 30 min. at 0 °C then allowed to 
warm to room temperature with stirring for an additional 1 h. The reaction was filtered through 
a plug of silica gel and eluted with ethyl acetate then striped to an oil. Purification by silica gel 
chromatography eluted with 15% ethyl acetate/hexanes produced an oil (7.7 mmol). APCI MS 
m/z 216.2 (M + H)\ 

10 Preparation of 3-Benzvl-7-dimethvlaminomethvlene-3-aza-blcyclor3.2.noctan-6» 

one 

To 3-benzyI-3-aza-bicyclo[3.2.1]octan-6-one (3.2 mmol) was taken up in Brederick's 
reagent (tris-(N,N-dimethyiamino)methane, 10 mL) and heated for 8 h at 100 °C. Excess 
Brederick's was removed in vacuo and the crude product was used as is in subsequent steps. 
15 1 H NMR (CDCI 3 , 400 MHz) 5 7.50 (m, 5H), 3.56 (s, 3H), 2.99 (s, 6H), 2.40-2.20 (m, 4H), 1.95 
(m, 2H), 2.56 (m p 2H); APCI MS m/z 271 .3 (M + H)\ 

Preparation of 5,14-Piazatetracvcio M0.3.1.0 2,11 .0 4>9 1-14 benzyl hexadeca- 
2(11K3,5,7,9-pentane 
To a solution of 3-benzyi-3-aza-bicyclo[3.2.1]octan-6-one (2.58 mmol) in acetic acid 
20 (3 ml) and sulphuric acid (0.14 ml) was added 2-amino benzaldehyde (2.58 mmol). The 
reaction mixture was warmed to 100 °C for 60 h. The solvent was removed in vacuo and the 
residue was partitioned between 2 N aqueous NaOH and dichloromethane The 
dichloromethane layer was dried over MgS0 4 , filtered and stripped to furnish an oil. 
Purification by flash chromatography eluting with 10% MeOH/ethyl acetate yielded product 
25 (0.9 mmol). 1 H NMR (CDCI 3t 400 MHz) 8 8.06 (m, 1 H) f 7.74 (m, 2H), 7.62 (m, 1H), 7.48 (m, 1 
H), 7.10 (m, 3H), 6.80 (m, 2H) t 3.50-3.38 (m, 4H), 3.20 (m, 1H), 2.90 (m, 1H), 2.60-2.50 (m, 
2H), 2.30 (m, 1H), 1.84 (m, 1H); APCI MS m/z 301.2 (M + H) + . 

Preparation of 5,14-Diazatetracvcfo riO.S.I.Q^O^I-hexadeca-^fl 11,3,5.7,9- 
pentane hydrochloride 

30 A solution of 5,14-diazatetracyclo [10.3.1 .0 2 ' 11 .0 4,9 ]-14 benzyl hexadeca-2(11),3,5,7,9- 

pentane (0.50 mmol) in chloroethyl chloroformate (4 ml) was brought to 100 °C for 18 h. 
Excess solvent was removed in vacuo and the residue was dissolved in methanol (5 mL) and 
brought to reflux for 4 h. The reaction mixture was cooled and the solvents removed in vacuo 
to yield an oily solid. The solids were triturated with diethyl ether and collected to yield product 

35 (0.45 mmol). 1 H NMR (CD 3 OD, 400 MHz) 5 8.80 (s, 1H), 8.20 (m, 2H), 8.10 (m, 2H), 7.85 (m, 
1H), 3.80 (br d, 2 H), 2.75-2.50 (m, 2H) ? 3.45 (m, 2H), 2.62 (m, 1 H), 2.40 (m, 1H); APCI MS 
/n/z211.2 (M + H) + . 
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Example 13 

Preparation of 10-Ben2v<-4"methvl-3,5.10-triaza-tricvclor6.3.1 .O^ldodeca- 

2(7).3.5-triene 

To a solution of 3-benzyl-7-dimethylaminomethylene-3-a2a-bjcyclo[3.2.1]octan-6-one 
5 (1.42 mmol) in ethanol was added potassium carbonate (3.8 mmol) and acetamidine 
hydrochloride (1.6 mmol). The reaction mixture was heated under reflux overnight. After 
cooling the solvents were removed and dichloromethane and aqueous sodium bicarbonate 
solution were added. The dichloromethane layer was separated and dried to and oil. 
Purification by flash chromatography on silica gel eluted with ethyl acetate yielded product 
10 (0.23 mmol). 1 H NMR (CD 3 OD, 400 MHz) 5 8.25 (s, 1 H), 7.18 (br s, 3H), 6.85 (br s, 2H), 3.60- 
3.40 (m, 2H) t 3.10 (s, 1H), 3.00 (m, 2H), 2.79 (m, 1 H), 2.70 (s, 3H), 2.5 (m, 1H), 2.45 (m, 
1H), 2.25 (m, 1H), 1.70 (m, 1H); APCI MS m/z 266.2 (M + H)*. 

Preparation of 4-Methv!-3 l 5.10-triaza-tricvclor6,3.1.0 2,7 1dodeca"2(7),3 < 5^triene>10- 
carboxvlic acid tert-butvl ester 
15 To a solution of 10-benzyl-4-methyl-3,5,10-triaza-tricyclo[6.3.1.0 2,7 ]dodeca-2(7),3,5- 

triene (0.23 mmol) in ethanol (5 ml) was added ammonium formate (1.15 mmol), di-f-butyl 
carbonate (2.3 mmol) and of Pearlman's catalyst (3 mg). The mixture was heated at reflux for 
18 h, cooled and filtered through a Celite™ pad which was washed with methanol. The filtrate 
was stripped of solvent and the residue was purified by flash chromatography on silica gel 
20 eluting with ethyl acetate to yield product (0.1 mmol). 1 H NMR (CD 3 OD, 400 MHz) 5 8.35 (s, 
1H), 4.15-3.95 (m, 2H), 3.30- 3.00 (m, 4H), 2.70 (s, 3H), 2.35 (m, 1H), 1.85 (m, 1H), 1.25 (br 
s, 9H); APCI MS m/z 276.2 (M + H) + . 

Preparation of 4-Methvl-3 t 5,10-triaza>tricvcfor6.3.1.0 2,7 1dodeca-2(7),3,5-triene 
To a solution of 4-methyl-3,5,10-triaza-tricyclo[6.3.1.0 2,7 ]dodeca-2(7),3,5-triene-10- 
25 carboxylic acid ferf-butyl ester (0.1 mmol) in methanol (2 ml) was added a solution of 1N HCl 
in methanol (2 mL). The reaction mixture was stirred for 3 h at room temperature and the 
solvents were removed to leave a solid (0.1 mmol). 1 H NMR (CD 3 OD, 400 MHz) 8 8.40 (s, 
1H), 4.20-3.80 (m, 2H), 3.40-3.00 (m, 4H), 2.60 (s, 3H), 2.10 (m, 1H), 0.80 (br s, 1H); APCI 
MS m/z 176.2 (M + H) + . 
30 Example 14 

Preparation of 9-Benzvl-3-(4-fluoro-phenv»-3,4.9-triaza- 
tricvclor5.3.1.0 2f6 1undeca-2(6) < 4-diene 
To a solution of 3-benzyl-7-dimethylaminomethylene-3-aza-bicyc[o[3.2.1]octan-6-one 
(0.6 mmol) in ethanol (3 mL) was added (4-fluoro-phenyl)-hydrazine hydrochloride (0.7 
35 mmol). The reaction mixture was heated at reflux overnight, cooled, concentrated and the 
residue was treated with dichloromethane and aqueous sodium bicarbonate solution. The 
aqueous layer was extracted with dichloromethane and the organic layer was dried and 
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Example 17 

Preparation of 4-Pheny1-3.5.1 0-triaza-tricvclof 6.3.1 .0 2,7 1dodeca-2ffl.3,5-triene 
Following the method described in Example 13, 10-benzyl-4-methyl-3,5 f 10-triaza- 
tricyclo[6.3.1.0 2,7 ]dodeca-2(7) I 3,5-triene and phenyl amidine were converted to the title 
5 compound in 9% overall yield. APCI MS m/z 238.1 (M + H)\ 

Example 18 

Preparation of 4-Pvridin-4-vl-3.5.1 0-triaza-tricvclor6.3.1 .0 2 ' 7 1dodeca-2(7),3,5- 

triene 

Following the method described in Example 13, 10-benzyl-4-methyi-3,5,10-triaza- 
10 tricyclo[6.3.1.0 2,7 ]dodeca-2(7) t 3,5-triene and isonicotinamidine were converted to the title 
compound in 7.5% overall yield. APCI MS m/z 239.1 (M + H) + . 

Example 19 

Preparation of 3-ferf>Butvl-3,4.9-triaza-tricvclor5.3.1 .0 2>6 lundeca-2(6),4-diene 

Following the method described in Example 14, 3-benzyl-7-dimethylaminomethylene- 
15 3-aza-bicyclo[3.2.1]octan-6-one and f-butyl hydrazine were converted to the title compound in 
7.5% overall yield. APCI MS m/z 206.2 (M + H) + . 

Example 20 

Preparation of 3-Pvridin-2-vl-3 A9-triaza-tricvclor5.3.1 ,0 2,s 1undeca-2(6).4-diene 

Following the method described in Example 14, 3-benzyl-7-dimethylaminomethylene- 
20 3-aza-bicycio[3.2.1]octan-6-one and 2-pyridyl hydrazine were converted to the title compound 
in 7.6% overall yield. APCI MS m/z 227.2 (M + H)\ 
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What is Claimed is: 



A compound having the structure of formula I: 






5 wherein R 1 is hydrogen, (C,-C e ) alkyl, unconjugated (C 3 -C 6 ) alkenyl, benzyl, YC(=0)(C r C 6 ) 
alky! or -CH 2 CH 2 -0-(C r C 4 ) alkyi; X is CH 2 or CH 2 CH 2 ; Y is (Cz-C 6 ) aikylene; Z is (CH 2 ) m , CF 2 , 
or C(=0), where m is 0, 1 or 2; 

R 2 and R 3 are selected independently from hydrogen, halogen, -(CrC 5 ) alkyl optionally 
substituted with from 1 to 7 halogen atoms, and -Ofd-Ce) alkyl optionally substituted with from 1 
10 to 7 halogen atoms, or R 2 and R 3 each together with the atom to which it is connected 
independently form C(=0), S-^O, S(=0) 2l or N->0; and 



V *J22^ is a 5- to 7-membered monocyclic heteroaryl group selected from pyridinyl, 
pyridone, pyridazinyl, imidazolyl, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, furyl, thienyi, 
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, cinnolinyl, triazinyl, oxadiazolyl, thiadiazolyl 
1 5 and furazanyl groups; 
or 



quinolyl, isoquinolyl, indolyl, benzimidazolyl, benzofuranyl, benzodiazapine, indazolyi, 
indolizinyl, phthalazinyl, isoindolyl, purinyl, benzofurazanyl, benzothiophenyl, benzotriazolyl, 
20 benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, dihydroquinoiyl, 
tetrahydroquinolyl, dihydroisoquinolyf, tetrahydroisoquinolyl, benzofuryi, furopyridinyl, 
pyrolopyrimidinyl, and azaindolyl groups; or a pharmaceutally acceptable salt thereof. 





is a 8- to 11-membered fused bicyclic heteroaryl group selected from 



The compound of claim 1 having the structure of formula II: 
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R 1 

I 




II 



wherein A, B, C and D are independently C, N, O or S, with the proviso that (a) at least one of 
A, B, C and D is N, O or S f (b) no adjacent pair thereof consists solely of O, and (c) A, B and 
C are not ail S or N; or wherein only A, B, and C are present whereby a five-membered ring is 
.5 provided thereby; wherein the dashed circle represents either an aromatic ring, one isolated 
double bond, two or three double bonds, either conjugated or unconjugated, or a fully saturated 
ring; wherein X is (d-C 3 )alkylene; Y is (d-CeJaikytene; wherein Z is (CH 2 ) m , CF 2 , or C(=0), 
where m is 0, 1 or 2; 

wherein R 1 is hydrogen, (C r C 6 ) alky!, unconjugated (C 3 -C 6 )alkenyl, benzyl, 

1 0 Y'C(=0)(C 1 -C 6 ) alky) or -CH 2 CH2-0-(d-d) alkyl, where Y is (C r C 4 )alkylene; 

wherein R 2 and R 3 are selected, independently, from hydrogen, (C r C 6 )alkenyl, (C2- 
C 6 )alkynyt, hydroxy, nitro, amino, halo, cyano, -SO q (d-C 5 )aikyl wherein q is zero, one or two, 
(C 1 .C 6 )alkylamino-, [(d-djalkylj^mino-, -C0 2 R 4 , -CONR 5 R 6 , -S0 2 NR 7 R 8 , -C(=0)R 13 , 
-XC{=0)R 13 , aryl-(C r C 3 )alkyl- or aryl-(C r C 3 )alkyl-0-, wherein said aryl is selected from phenyl 

15 and naphthyl, heteroaryl-(C r C 3 )alkyl- or heteroaryl-(d-d)alkyl-0-, wherein said heteroaryl is 
selected from five to seven membered aromatic rings containing from one to four heteroatoms 
selected from oxygen, nitrogen and sulfur; X 2 (C r C 6 )alkyl- and X 2 (C 1 -C 6 )alkoxy-(C l -C 6 )alkyl- f 
wherein X 2 is absent or X 2 is (C r C B )alkylamino- or [(d-CeJalkylj^mino-, and wherein the (C r 
C 6 )alkyl- or (d-d)alkoxy-(d-C 6 )alkyl- moieties of said X 2 (d-C 6 )alkyl- or X^-Cejalkoxy^d- 

20 C 6 )alkyl- contains at least one carbon atom, and wherein from one to three of the carbon atoms 
of said (C r C 6 )alkyl- or (C r C 6 )alkoxy»(C r C 6 )alkyl- moieties may optionally be replaced by an 
oxygen, nitrogen or sulfur atom, with the proviso that any two such heteroatoms must be 
separated' by at least two carbon atoms, and wherein any of the alkyl moieties of said (d- 
C 6 )alkyl- or (C v C 8 )alkoxy-(C 1 -C 6 )alkyl- groups may be optionally substituted with from two to 

25 seven fluorine atoms, and wherein one of the carbon atoms of each of the alkyl moieties of said 
aryK^-CaJalkyl- and said heteroaryl^Ci-CsJalkyl- may optionally be replaced by an oxygen, 
nitrogen or sulfur atom, and wherein each of the foregoing aryl and heteroaryl groups may 
optionally be substituted with one or more substituents, preferably from zero to two substituents, 
independently selected from (C 1 -C 6 )alkyl optionally substituted with from one to seven fluorine 

30 atoms, (CrC^alkoxy optionally substituted with from two to seven fluorine atoms, chloro, fluoro, 
bromo, iodo, (C r C 6 )aikeny1, (C 2 -C 6 )alkynyl, hydroxy, nitro, cyano, amino, {CrC 6 )alkylamino-, 
[(d-C^alkyljzamino-, -C0 2 R 4 , -CONR 5 R 6 , -S0 2 NR 7 R 8 , -C(=0)R 13 and -XC(=0)R 13 ; 
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or wherein R 2 and R 3 , together with the atoms to which they are attached, form a four 
to seven membered monocyclic, or ten to fourteen membered bicyclic, carbocyclic ring that 
can be saturated or unsaturated, wherein from one to three of the nonfused carbon atoms of 
said monocyclic rings, and from one to five of the carbon atoms of said bicyclic rings that are 
5 not part of the aromatic ring, may optionally and independently be replaced by a nitrogen, 
oxygen or sulfur, and wherein said monocyclic and bicyclic rings may optionally be substituted 
with one or more substituents that are selected, independently, from (C r C 6 ) alkyl optionally 
substituted with from one to seven fluorine atoms; (C r C 6 )aIkoxy optionally substituted with 
from one to seven fluorine atoms; nitro, cyano, halo, (C 2 -C 6 )alkenyl, (C2-C 6 )alkynyi t hydroxy, 
10 amino, (d -C 6 )alkylamino and ((d-CeJalkyOzamino, -C0 2 R 4 , -CONR 5 R 8 , -S0 2 NR 7 R 8 , - 
C(=0)R 13 and-X'C(=0)R 13 ; 

wherein each R 4 , R 5 , R 6 , R 7 , R 8 and R 13 is selected independently from hydrogen and 
(d -C 6 ) alkyl, or R 5 and R e , or R 7 and R 8 together with the nitrogen to which they are 
attached, form a pyrrolidine, piperidine, morpholine, azetidine, piperazine, -N- 
15 (C r C 6 )alkyipiperazine or thiomorpholine ring, or a thiomorpholine ring wherein the ring sulfur 
is replaced with a sulfoxide or sulfone; 

or a pharmaceutical^ acceptable salt thereof. 

3. The compound of claim 2, wherein R 2 and R 3 , together with the ABCD ring of 
formula II, form a bicyclic ring system selected from the following: 



20 




wherein R 1D and R 17 are selected independently from hydrogen, (d-C 6 )alkyl, and (C r 
C s )aIkoxy-(C r C 6 )alkyi-, wherein the total number of carbon atoms in the (d-C 6 )a!koxy-(d- 
C 6 )aikyi- does not exceed six, and wherein any of the above alkyl moieties may optionally be 
substituted with from one to seven fluorine atoms; nitro, cyano, halo, amino, (C r 
25 C e )alky!amino-, [(d-C 6 ) aikyi] 2 amino-, -C0 2 R 4 , -CONR 5 R 6 , -S0 2 NR 7 R 8 , -C(=0)R 13 , 
-XC(=0)R 13 , phenyl and monocyclic heteroaryl, wherein said heteroaryl is selected from five 
to seven membered aromatic rings containing from one to four heteroatoms selected from 
oxygen, nitrogen and sulfur, and wherein A, D, R 4 , R 5 , R 6 , R 7 , R 8 and R 13 are defined as in 
claim 2. 
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4. The compound of claim 2, wherein R 2 and R 3 , together with the ABCD ring of 
formula II, form a bicyclic or tricyclic ring system. 

5. The compound of claim 2, wherein R 2 and R 3 , together with the ABCD ring of 
formula II, form a bicyclic ring system selected from the following: 












wherein A, D, R 10 and R 17 are defined as In claim 2, and m Is zero, one or two. 
6. The compound of claim 2 having a structure selected from: 




and 




B "*G^p2 



,10 



D ^D 17 



wherein E, F and G are independently C, N, O or S, with the proviso that (a) at least one of E, 
10 F and G is N, O or S, (b) no adjacent pair thereof consists solely of O, and (c) E, F and G are 
not all S or N; wherein the dashed circle represents either an aromatic ring, one isolated double 
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15 



20 



25 



bond, two or three double bonds, either conjugated or unconjugated, or a fully saturated ring; 
and wherein A, B, C, D, R 1 , R 2 , R 3 and X are defined as in claim 2. 



wherein D, E, F and G are independently C, N, O or S, with the proviso that (a) at least one of 
D, E and F is N, O or S, (b) no adjacent pair thereof consists solely of O, and (c) E and F are 
not both S or N; wherein the dashed circle represents either an aromatic ring, one isolated 
double bond, two or three double bonds, either conjugated or unconjugated, or a fully saturated 
ring; and wherein A, B, C, D, R 1 , R 2 , R 3 and X are defined as in claim 2. 

8. The compound of claim 7 wherein R 1 is hydrogen, methyl or benzyl. 

9. The compound of claim 7 wherein R 2 and R 3 are independently hydrogen or 

methyl. 

10. The compound of claim 2 selected from the group consisting of: 
(+)-4,10-diaza-tricyclo[6.3.1.0 2,7 ]dodeca-2(7),3,5-triene 

(+)-3, 11 -diaza-tricyclo[7.3. 1 .0 2,7 ]trideca-2(7),3,5-triene 
(+)-6,1 1-diaza-tricyclo[7.3.1 .0 2 ' 7 ]trideca-2(7),3,5-triene 
(+M.1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3,5-triene 
(+)-5 f 1 1-Diaza-tricyclo[7.3. 1 .02,7]trideca-2(7),3,5-triene 
(+M-methyl-3,5,104riaza^ 

(+)-3,5,1 0-triaza-tricyclo[6.3.1 .0 2,7 ]dodeca-2(7),3,5-trien-4-ylamine 
(+)-1 1-methyl-3,1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3,5-triene 
(+)-5,1 1-diaza-tricyclo[7.3.1 .0 2 ' 7 ]trideca-2(7),3-dien-6-one 
(+)-6-methoxy-5, 1 1 -diaza-tricyclo[7.3. 1 .0 2 ' 7 ]trideca-2(7),3,5-triene 
(+)-5-methy!-5,1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3-dien-6-one 
(+)-3-ferf-butyl-3,4,94riaza-tricyclo[5.3.1.0 2 ' 6 ]undeca-2(6),4-diene 
(+)-3,14-diazatetracyclo [10.3.1 .O^^.O^J-hexadeca^l 1 ),3,5,7,9-pentane 
(+)-3-pyridin-2-yl-3,4,9-triaza-tricyclo[5.3.1.0^undeca-2(6),4-diene 
(+)^-phenyl-3,5,10-triaza4ricycio[6.3.1.0 2,7 ]dodeca-2(7),3,5-triene 
(+H-pyridin^-yl-3,5,10-triaza-tricyclo[6.3.1.0 2 ' 7 ]^ 
(+)-3-(4-fIuoro-phenyl)-3,4,9-triaza-tricyclo[5.3.1.0 2 ' 6 ]undeca-2(6) > 4-diene 



7. 



The compound of claim 2 having a structure: 
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(+}-5,7-dibromo-3, 1 4-Diazatetracyc!o[1 0 .3 . 1 .0 2,1 1 .0 4,9 ]- 1 4-benzyl-hexadeca- 
2(11),3,5,7,9-pentane 

(+)-3,14-diazatetracyclo [10.3.1 .0 2,11 .0 4,9 ]-hexadeca-2(1 1),3,5,7,9-pentane 
(+}-isomers of the following compounds: 




(->4.10-diaza-tricyclot6.3.1.0 2,7 ]dodeca-2(7) J 3 ( 5-triene 
(-)-3,1 1-diaza-tricycIo[7.3.1 .0 2,7 ]trideca-2(7),3,5-triene 
(-)-6,1 1-diaza-tricyc(o[7.3.1 .0 2 7 ]trideca-2(7),3,5-triene 
(-H.1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7) 1 3,5-triene 
(->5,1 1-Diaza-tricyclo[7.3.1 .02,7]trideca-2(7),3,5-triene 
(-H-methyl-3A10-triaza^ 

(->3 l 5,10-triaza-tricycio[6.3.1.0 2 ' 7 ]dodeca-2(7),3 > 5-trien-4-yla 
(-H 1-methyl-3,1 1-diaza-tricyclo[7.3.1 .0 2 ' 7 ]trideca-2(7),3,5-triene 
(-)-5,1 1-diaza-tricyclo[7.3.1 .0 2,7 ]trideca-2(7),3-dien-6-one 
(-J-e-methoxy-S^I-diaza-tricycio^.S.1 .0 2,7 ]trideca-2(7) 1 3,5-triene 
(->5-methyl-5J1-diaza-tricyclo[7.3.1.0 2 ' 7 ]trideca-2(7),3-dien-6-one 
(-)-3-terf-butyl-3 A9-triaza-tricyclo[5.3. 1 .O^undeca^O^-diene 
(-^3,14-diazatetracydo [I0.3.1.0 2,11 .0 4,9 l-hexadeca-2(11) l 3 f 5 l 7,9-pentane 
(-)-3-pyridin-2-y!-3,4 l 9-triaza-tricyclo[5.3.1.0 2,6 ]undeca--2(6) t 4-diene 
(->4-phenyJ-3,5,1 0-triaza-tricyclo[6.3.1 .0 2 ' 7 ]dodeca-2(7),3,5-triene 
(-H-pyridin^-yl-3,5,1 0-triaza-tricyclo[6.3.1 .0 2 ' 7 ]dodeca-2(7),3,5-triene 
(-^S^fluoro-phenyO-S^^-triaza-tricydop.S. 1 .O^undeca^SJ^-diene 
(-)-5 l 7-djbromch3 l 14-Diazatetracyc!o[10.3.1.0 2,11 .0 4,9 ]-14 benzyl-hexadeca- 
2(11),3,5,7,9-pentane 

(->3,14-diazatetracyclo [10.3.1 .0 2,1 \() 4,B ]-hexadeca-2(1 1 ^A^-pentane 
(-)-isomers of the following compounds: 



WO 2005/007655 



PCT/EB2004/002261 



-65- 




or a pharmaceutical^ acceptable salt thereof. 

11. A pharmaceutical composition for use in reducing nicotine addiction or aiding 
in the cessation or lessening of tobacco use in a mammal, comprising an amount of a 

5 compound according to claim 1-10 that is effective in reducing nicotine addiction or aiding in 
the cessation or lessening of tobacco use and a pharmaceutical^ acceptable carrier. 

12. A method for reducing nicotine addiction or aiding in the cessation or 
lessening of tobacco use in a mammal, comprising administering to said mammal an amount 
of a compound according to claim 1-10 that is effective in reducing nicotine addiction or aiding 

1 0 in the cessation or lessening of tobacco use. 

13. A pharmaceutical composition for treating a disorder or condition selected 
from inflammatory bowel disease, ulcerative colitis, pyoderma gangrenosum, Crohn's 
disease, irritable bowel syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, 
pouchitis, vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, 

15 sleep disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, 
hypertension, bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, 
ulcers, pheochromocytoma, progressive supranuclear palsy, chemical dependencies and 
addictions, dependencies on, or addictions to nicotine (or tobacco products), alcohol, 
benzodiazepines, barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic 

20 brain injury (TBI), obsessive-compulsive disorder (OCD), psychosis, Huntington's chorea, 
tardive dyskinesia, hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related 
cognitive decline, epilepsy, petit mal absence epilepsy, senile dementia of the Alzheimer's 
type (AD), Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD), attention 
deficit disorder (ADD), restless legs syndrome (RLS), mild cognitive impairment, cognitive 

25 enhancement in schizophrenia, drug induced extrapyramidal symptoms, conduct disorder, 
oppositional defined disorder, anxiety in anxious smokers, cardiovascular risk in pregnancy, 
delayed ejaculation, emesis, symptoms due to injury inflicted by biological warfare, diarrhea, 
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nicotine gum addiction, sleep prevention, ischemia, and Tourette's Syndrome in a mammal, 
comprising an amount of a compound according to claim 1-10 that is effective in treating such 
disorder or condition and a pharmaceutically acceptable carrier. 

14. A method for for treating a disorder or condition selected from inflammatory 
5 bowel disease, ulcerative colitis, pyoderma gangrenosum, Crohn's disease, irritable bowel 
syndrome, spastic dystonia, chronic pain, acute pain, celiac sprue, pouchitis, 
vasoconstriction, anxiety, panic disorder, depression, bipolar disorder, autism, sleep 
disorders, jet lag, amyotrophic lateral sclerosis (ALS), cognitive dysfunction, hypertension, 
bulimia, anorexia, obesity, cardiac arrythmias, gastric acid hypersecretion, ulcers, 

10 pheochromocytoma, progressive supranuclear palsy, chemical dependencies and addictions, 
dependencies on, or addictions to nicotine (or tobacco products), alcohol, benzodiazepines, 
barbiturates, opioids or cocaine, headache, migraine, stroke, traumatic brain injury (TBI), 
obsessive-compulsive disorder (OCD), psychosis, Huntington's chorea, tardive dyskinesia, 
hyperkinesia, dyslexia, schizophrenia, multi-infarct dementia, age-related cognitive decline, 

15 epilepsy, petit mal absence epilepsy, senile dementia of the " Alzheimer's type (AD), 
Parkinson's disease (PD), attention deficit hyperactivity disorder (ADHD), attention deficit 
disorder (ADD), restless legs syndrome (RLS), mild cognitive impairment, cognitive 
enhancement in schizophrenia, drug induced extrapyramidal symptoms, conduct disorder, 
oppositional defined disorder, anxiety in anxious smokers, cardiovascular risk in pregnancy, 

20 delayed ejaculation, emesis, symptoms due to injury inflicted by biological warfare, diarrhea, 
nicotine gum addiction, sleep prevention, ischemia, and Tourette's Syndrome in a mammal, 
comprising administering to said mammal an amount of a compound according to claim 1-10 
that is effective in treating such disorder or condition and a pharmaceutically acceptable 
carrier. 
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Box No. IV Text ol the abstract (Continuation of Item S of the first sheet) 



The present invention provides a compound having the structure of formula I: 



R 

I 




Het 



wherein R 1 is hydrogen. (C,-C 6 ) alky), unconjugated (Ca-Ce) alkenyl. benzyl. YC(=0)(C 1 -C 6 ) 
alkyl or -CHsCrVO-fC.-C*) alkyl; X Is CH 2 or CH 2 CH 2 ; Y is (C^) alkylene; Z is (CH 2 ) m , CF 2 . 
or C<=0). where m is 0 f 1 or 2; R 2 and R a are selected independently from hydrogen, halogen. - 
(C-Ce) alkyl optionally substituted with from 1 to 7 halogen atoms, and -O(C^Ca) alkyl optionally 
substituted with from 1 to 7 halogen atoms, or R 2 and R 3 each together with the atom to which it 



is connected independently form C(=0). S-»0. S(=0), or IOO; and ^ is a 5- to 7 

membered monocyclic heteroaryl group selected from pyridinyl, pyridone. pyridazmyl. 
imidazolyl. pyrimldinyl. pyrazolyl. triazolyl. pyrazinyl. furyl. thienyl. isoxazolyl. thiazolyl. 
oxazolyi. isothiazolyl. pyrrolyl. ctnnolinyl, triazinyl. oxadiazolyl. thiadtazolyl and furazanyl 
groups. 

The compounds can be used to treat disease states mediated by neuronal nicotinic 
acetylcholine specific receptor sites. 
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